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SUMMARY
A stu d y  has been made o f  th e  ch em ica l and e le c tr o c h e m ic a l  
o x id a tio n s  o f  c e r t a in  s u b s t it u t e d  in d o le s  and i s o q u in o l in e s .
A g r e a t d e a l o f  tim e was d evoted  to  th e  s y n t h e s is  o f  
2 -(3 ,4 -d im e th o x y p h e n y lp r o p a n o y l)in d o le  for  e le c tr o c h e m ic a l  
in v e s t ig a t io n  in  an attem pt to  determ ine th e  tr u e  s tr u c tu r e  o f  
th e  o x id a tio n  product from the co rresp o n d in g  3 - s u b s t i t u t e d  
in d o le .
A v a r ie t y  o f  a c y la te d  in d o le s  were s y n th e s is e d  for  o x id a tio n  
r e a c t io n s  u s in g  p a llad iu m  ( I I )  a c e ta te  and s u c c e s s f u l  c o u p lin g  
r e a c t io n s  were c a r r ie d  out on two 3 -b e n z o y lin d o le  d e r iv a t iv e s .
4 - ( 3 , 4 -D im eth oxyb en zy l) - 6 , 7-d im eth o x y -2 - m e t h y l-1 ,2 ,3 ,4 -  
te tr a h y d r o is o q u in o lin e  has been o x id is e d  e le c tr o c h e m ic a l ly  to  a 
t e t r a c y c l i c  s tr u c tu r e  w hereas e l e c t r o l y s i s  o f  th e  h y d r o c h lo r id e  
s a l t  o f  t h i s  base le a d s  o n ly  to  th e  4 -b e n z y lid e n e  d e r iv a t iv e .  The 
m ec h a n is t ic  con seq u en ces o f  t h i s  r e s u l t  are d is c u s s e d .  The 
4 -p h e n e th y l hom ologue has been o x id is e d  w ith  th a ll iu m  ( i l l )  t r i -  
f lu o r o a c e ta te  and another in tr a m o le c u la r  c o u p lin g  r e s u l t e d .
4 - (3 ,4 -D im e th o x y p h e n y la c e ty l) - 6 , 7 -d im e th o x y -2 -m e th y l-1 ,2 -  
d ih y d r o iso q u in o lin e  was prepared  and shown to  be e le c tr o c h e m ic a l ly  
in e r t .  F in a l ly ,  a search  was made fo r  a s y n t h e t ic  pathway to  th e  
corresp o n d in g  4 - (3 ,4 -d im eth o x y p h en y lp ro p a n o y l)  compound.
( i i i )
INSTRUMENTAL METHODS
A ll  i . r .  s p e c tr a  were determ ined on a Perkin-E lm er 197
sp ectrop h otom eter  as n u jo l m u lls  or l iq u id  f i lm s .  U .v . s p e c tr a
were determ ined on a Perkin-E lm er 402 sp ectrop h otom eter  in  95%
e th a n o l. *H n .m .r . sp e c tr a  were record ed  on a J .E .O .L . PS100 
13sp e c tr o m e te r . C n .m .r . sp e c tr a  were record ed  on a J .E .O .L .
FX90Q sp e c tr o m ete r . Chem ical s h i f t s  are ex p ressed  in  ppm d ow n fie ld  
frcnn t e t r a m e th y ls i la n e  as in te r n a l  s ta n d a rd . Mass s p e c tr a  were 
record ed  on an A .E .I .  MS 12 sp e c tr o m ete r . M eltin g  p o in ts  are  
u n c o r r e c te d . The e le m e n ta l a n a ly se s  were c a r r ie d  out by Dr. F .B . 
S tr a u ss  a t  O xford.
C y c lic  voltammograms were record ed  u s in g  a Thompson DRG 16 
ramp g en era to r  and p r e c is io n  p o t e n t i o s t a t . P r e p a r a tiv e  e l e c t r o ly s e s  
were c a r r ie d  ou t u s in g  a F a r n e ll  s t a b i l i s e d  v o l ta g e  su p p ly .
( i v )
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INTRODUCTION
O rg a n ic  E l e c t r o - o x i d a t i v e  Chem is t ry
The e l e c t r o c h e m i c a l  o x i d a t i o n  o f  o r g a n i c  m o le c u le s  i s  a t e c h n i q u e  
which f i n d s  i t s  o r i g i n s  i n  t h e  Kolbe s y n t h e s i s  o f  a l k a n e s  from c a r b o x y -  
l a t e  a n i o n s ^ .
2 RCOO“ 2 RCOO*-------- ^ 2  R* + 2  CO.,
R-R
U n t i l  c o m p a r a t i v e l y  r e c e n t l y  t h e r e  h a s  been  l i t t l e  i n t e r e s t  i n  
t h e  s u b j e c t  a p a r t  from s t u d i e s  o f  t h e  Kolbe r e a c t i o n .  The main r e a s o n  
f o r  t h i s  h a s  been  t h e  d i f f i c u l t y  e x p e r i e n c e d  i n  i n t e r p r e t i n g  complex 
e l e c t r o d e  p r o c e s s e s .  The deve lopment  o f  c y c l i c  v o l t a m m e t r y  h a s  l a r g e l y  
overcome t h i s  prob lem by a i d i n g  t h e  e l u c i d a t i o n  o f  t h e  r e a c t i o n  
m ec h a n i s m s .
A l l  c h e m ic a l  r e a c t i o n s  i n v o l v e  e l e c t r o n  t r a n s f e r  so c o n t r o l l e d  
p o t e n t i a l  e l e c t r o n  exchange  a t  an e l e c t r o d e  o f f e r s  a d i s t i n c t  a d v a n ta g e  
ove r  t h e  use  o f  c h e m i c a l  r e a g e n t s  which o n l y  a p p r o x i m a t e  t o  t h e  r e d o x  
p o t e n t i a l s  o f  t h e  d e s i r e d  r e a c t i o n s .
R a d i c a l  c a t i o n s  formed by a n o d ic  r em ova l  o f  e l e c t r o n s  from o r g a n i c  
m o le c u le s  a r e  g e n e r a l l y  h i g h l y  r e a c t i v e  and r e a c t  r a p i d l y  i n  s e c o n d a r y  
c h e m ic a l  p r o c e s s e s  t o  form more s t a b l e  d e r i v a t i v e s .  The e l e c t r o d e  
p r o c e s s  i s  t h e r e f o r e  e s s e n t i a l l y  i r r e v e r s i b l e .  T h i s  means t h a t  c l a s s i c a l  
t h e o r i e s  ( e . g .  t h e  N e r n s t  e q u a t i o n )  b a s ed  on e l e c t r o d e  p r o c e s s  r e v e r s i ­
b i l i t y  c a n n o t  s u c c e s s f u l l y  be a p p l i e d .
O r g a n ic  e l e c t r o c h e m i s t r y  i s  a v e r y  b road  s u b j e c t  and o n l y  a 
l i m i t e d  a s p e c t  o f  i t  i s  s t u d i e d  h e r e ,  namely t h e  a n o d ic  o x i d a t i o n  o f  
s e l e c t e d  a r o m a t i c  and h e t e r o a r o m a t i c  s u b s t r a t e s  l e a d i n g  t o  i n t r a ­
m o l e c u l a r  c o u p l i n g  r e a c t i o n s .
The E l e c t r o c h e m i c a l  C e l l
The d e s i g n  o f  t h e  v e s s e l  in  which  an  e l e c t r o c h e m i c a l  r e a c t i o n  i s  
t o  be c a r r i e d  o u t  depend s  p r i m a r i l y  on t h e  n a t u r e  o f  t h e  r e a c t i o n .
B a s i c a l l y ,  t h e  c e l l  c o n s i s t s  o f  an anode  and a c a t h o d e  immersed 
in  an e l e c t r o l y t e .  The e l e c t r o l y t e  i s  a c o n d u c t i n g  s o l u t i o n  u s u a l l y  
c o n s i s t i n g  o f  a s o l u t e  ( t h e  s u p p o r t i n g  e l e c t r o l y t e )  i n  a s o l v e n t .  On 
a p p l y i n g  a p o t e n t i a l  d i f f e r e n c e  a c r o s s  t h e  e l e c t r o d e s  c u r r e n t  f l o w s  
t h r o u g h  t h e  c e l l  and e l e c t r o l y s i s  o c c u r s -
For  a l l  r e a c t i o n s  s t u d i e d  h e r e  a s i m p l e  tw o -c o m p a r tm en t  c e l l  
such as  t h e  " F - c e l l "  ( f i g u r e  1) was u s e d .
F i g u r e  1
L
I
The anode  i s  c o n t a i n e d  in  one co m p a r tm e n t  and t h e  c a t h o d e  in  t h e  
o t h e r .  The co m p ar tm e n t s  a r e  d i v i d e d  by a p o r o u s  g l a s s  f r i t  which  p e r m i t s  
i o n i c  c o n d u c t a n c e  b u t  i n h i b i t s  d i f f u s i o n  o f  t h e  s u b s t r a t e  f rom t h e  
a n o d i c  com par tment  .
The n a t u r e  o f  t h e  c a th o d e  m a t e r i a l  i s  n o t  c r i t i c a l  and g e n e r a l l y
e i t h e r  a m ercu ry  po o l  o r  a p l a t i n u m  gauze a r e  u se d .  On t h e  o t h e r  hand ,
t h e r e  a r e  r a t h e r  more l i m i t a t i o n s  on t h e  n a t u r e  o f  t h e  anode m a t e r i a l
due t o  t h e  f a c t  t h a t  most m e t a l s  a r e  t h e m s e lv e s  o x i d i s e d  a t  low e l e c t r o d e
p o t e n t i a l s .  The m a t e r i a l s  most  commonly used  a r e  p l a t i n u m  gauze and 
2
c a rb o n  f e l t  .
3
The s t a n d a r d  c a lo m e l  e l e c t r o d e  (SCE) i s  u sed  as  a r e f e r e n c e  
e l e c t r o d e  t o  m easu re  t h e  p o t e n t i a l  d i f f e r e n c e  be tw een  t h e  anode s u r f a c e  
and t h e  s o l u t i o n  a d j a c e n t  t o  i t .  The SCE c o n s i s t s  o f  m erc u ry  i n  c o n ­
t a c t  w i t h  m ercu rous  c h l o r i d e  ( c a l o m e l )  i n  c o n t a c t  w i t h  m ola r  p o t a s s i u m  
c h l o r i d e  s o l u t i o n .  T h i s  g i v e s  r i s e  t o  a p o t e n t i a l  o f  0 . 2 8  v o l t s  
m easu red  a g a i n s t  t h e  s t a n d a r d  h y d ro g en  e l e c t r o d e .
h  HgClg + Hg + Cl"
The SCE i s  c o n n e c t e d  t o  t h e  e l e c t r o l y t e  V'Ca a c o n d u c t i n g  s a l t  
b r i d g e  ( p o t a s s i u m  c h l o r i d e  i n  a g a r ^ ) .  Th i s  i s  i m p o r t a n t  be c a u s e  
m erc u rous  c h l o r i d e  i s  u n s t a b l e  i n  t h e  p r e s e n c e  o f  some o r g a n i c  s o l v e n t s  
(e  g. a c e t o n i t r i l e ) .
F i g u r e  2
dh^bjiiocd
An e x t e r n a l  v o l t a g e  i s  s u p p l i e d  t o  t h e  c e l l  ( f i g u r e  2)  t o  m a in ­
t a i n  a p r a c t i c a l  r a t e  o f  e l e c t r o l y s i s .  The m agn i tude  o f  t h i s  w i l l  
depend on t h e  e l e c t r i c a l  r e s i s t i v i t y  o f  t h e  e l e c t r o l y t e  and t h e  c e l l .
For  minimum r e s i s t a n c e  t h e  d i s t a n c e  be tw een  t h e  anode and t h e  c a th o d e  
sho u ld  be as  s m a l l  as  p o s s i b l e .
The E l e c t r o l y t e
Most o r g a n i c  compounds a r e  i n s o l u b l e  i n  w a t e r ,  and w a te r  i s  
r e a c t i v e  tow ards  c a t i o n s  and c a t i o n  r a d i c a l s  which a r e  t h e  i n t e r ­
m e d i a t e s  i n  an o d ic  r e a c t i o n s .  Thus t h e  e l e c t r o l y t e  sy s tem  i s  p r e f e r a b l y  
based  on o r g a n i c  s o l v e n t s .  The i d e a l  s o l v e n t  must  f u l f i l  s e v e r a l  
r e q u i r e m e n t s .
1. I t  must  be e l e c t r o c h e m i c a l l y  i n e r t  i n  t h e  p o t e n t i a l  r a n g e  o f  t h e  
r e a c t i o n .
2.  I t  must  be a good s o l v e n t  f o r  o r g a n i c  s u b s t r a t e s .
3 .  I t  must  be u n r e a c t i v e  tow ards  t h e  i n t e r m e d i a t e s  p r e s e n t  i n  t h e  
e l e c t r o c h e m i c a l  r e a c t i o n .
4 .  I t  must  have  a f a i r l y  h i g h  d i e l e c t r i c  c o n s t a n t  i n  o r d e r  t o  m in im is e  
t h e  e l e c t r i c a l  r e s i s t a n c e  o f  t h e  e l e c t r o l y t e .
5 . I t  must  be r e l a t i v e l y  e a s i l y  p u r i f i e d  and d r i e d .
In  v iew  o f  t h e s e  c r i t e r i a ,  a c e t o n i t r i l e  i s  p r o b a b l y  t h e  b e s t  s o l ­
v e n t  f o r  e l e c t r o c h e m i c a l  o x i d a t i o n s  and i s  c e r t a i n l y  t h e  most  w i d e l y  used  
The r e s t r i c t i o n s  on t h e  s u p p o r t i n g  e l e c t r o l y t e  a r e  s i m i l a r  t o  t h o s e  
fo r  t h e  s o l v e n t  and ,  o b v i o u s l y ,  s o l u b i l i t y  i n  t h e  s o l v e n t  i s  a n o t h e r  
i m p o r t a n t  f a c t o r .  The s a l t s  most  commonly used a r e  a l k a l i  m e t a l  p e r ­
c h l o r a t e s  and t e t r a - n - a l k y l  ammonium t e t r a f l u o r o b o r a t e s ^ .
For  t h e  o x i d a t i o n s  d e s c r i b e d  i n  t h i s  t h e s i s  t h e  e l e c t r o l y t e  u s e d  
was a 0 . 1  mola r  s o l u t i o n  o f  sodium p e r c h l o r a t e  i n  d ry  a c e t o n i t r i l e .
T h i s  sy s tem  i s  s t a b l e  t o  o x i d a t i o n  be low + 2 . 0  v o l t s ^ .
Some B a s i c  E l e c t r o c h e m i c a l  Laws
I n  1834 Fa rada y^  p r opose d  two b a s i c  laws r e l a t i n g  th e  q u a n t i t y  o f  
e l e c t r i c a l  c h a r g e  consumed i n  an  e l e c t r o l y s i s  t o  t h e  amount o f  m a t e r i a l  
u sed  :
1 .  The amount o f  m a t e r i a l  t r a n s f o r m e d  i s  p r o p o r t i o n a l  t o  t h e  q u a n t i t y  
o f  c h a rg e  p a s s e d  (Q).
2 .  The m asses  o f  t h e  v a r i o u s  m a t e r i a l s  t r a n s f o r m e d  (W) a r e  p r o p o r t i o n a l
t o  t h e i r  r e s p e c t i v e  m o l e c u l a r  w e i g h t s  (M).
W = MQ
96,495n
The number 96 ,495  i s  t h e  " F a r a d a y " .  I t  i s  t h e  number o f  coulombs o f  
c h a r g e  n e c e s s a r y  t o  t r a n s f o r m  one m o l e c u l a r  e q u i v a l e n t  o f  s u b s t r a t e  i n  a 
one e l e c t r o n  r e a c t i o n .  The l e t t e r  " W  r e p r e s e n t s  t h e  number o f  e l e c t r o n s  
t r a n s f e r r e d  per  m o l e c u l e .
However ,  due t o  l o s s e s  i n  e n e r g y  such a s  c o n v e c t e d  h e a t ,  s o l v a t i o n  
e f f e c t s  and t h e  e n e r g i e s  o f  u n d e s i r a b l e  s i d e  r e a c t i o n s ,  e l e c t r o c h e m i c a l  
r e a c t i o n s  a r e  n e v e r  100% e f f i c i e n t .  Thus t h e  c o n s u m p t io n  o f  one F a r a d a y  
o f  c h a rg e  p e r  m o l e c u l a r  e q u i v a l e n t  r a r e l y  r e s u l t s  i n  t h e  f o r m a t i o n  o f  
one e q u i v a l e n t  o f  p r o d u c t .
C y c l i c  Vol tam metry
g
C l a s s i c a l  p o l a r o g r a p h y ,  i n t r o d u c e d  i n  1922 by Heyrovsky  , h a s  
l a r g e l y  been  s u p e r s e d e d  by o t h e r  e l e c t r o a n a l y t i c a l  t e c h n i q u e s .  The most  
i m p o r t a n t  o f  t h e s e  new t e c h n i q u e s  i s  c y c l i c  v o l t a m m e t r y .
Vo l tam metry  i s  a b l e  t o  p r o v i d e  a p p r o x i m a t e  d a t a  on t h e  p o t e n t i a l s  
a t  which t o  c o n d u c t  p r e p a r a t i v e  e l e c t r o l y s e s  and a l s o  e n a b l e s  an a n a l y s i s  
o f  t h e  p r o b a b l e  e v e n t s  o c c u r r i n g  a f t e r  t h e  i n i t i a l  i o n i s a t i o n  s t e p .
The e l e c t r o d e s  used  i n  v o l t a m m e t r y  can  be t h e  same as  used  in  
p r e p a r a t i v e  e l e c t r o l y s e s .  P l a t i n u m  bead  m i c r o e l e c t r o d e s  a r e  t h e  most  
w i d e l y  u s e d ,  i n  c o n j u n c t i o n  w i t h  a s im p le  one -com par tm en t  c e l l  ( f i g u r e  3)
Figure  3
6.e.g.
I n  c y c l i c  v o l t a m m e t r y  t h e  e l e c t r o d e  p o t e n t i a l  i s  l i n e a r l y  swept 
w h i l s t  t h e  c u r r e n t  t h r o u g h  t h e  w ork ing  e l e c t r o d e  i s  m o n i t o r e d  ( f i g u r e  4)
F igu re 4
A " s a w to o t h "  waveform ( f i g u r e  5) i s  a p p l i e d  t o  t h e  w ork ing  
e l e c t r o d e  and i s  r e p r e s e n t e d  as  t h e  "X" o r d i n a t e  on an o s c i l l o s c o p e  
o r  "X-Y" p l o t t e r .  The c u r r e n t  change  i s  m easured  a s  t h e  change  in  
p o t e n t i a l  d i f f e r e n c e  a c r o s s  a " c o u n t i n g "  r e s i s t o r  and i s  d i s p l a y e d  as  
t h e  "Y" o r d i n a t e  on t h e  r e c o r d i n g  d e v i c e .
F i g u r e  5
Due t o  t h e  s e c o n d a r y  c h e m i c a l  p r o c e s s e s  which  n o r m a l l y  oc c u r  i n  
o r g a n i c  e l e c t r o d e  r e a c t i o n s  t h e  f i r s t  and second  sweeps a r e  o f t e n  q u i t e  
d i f f e r e n t  and s t e a d y  s t a t e  c o n d i t i o n s  a r e  n o r m a l l y  r e a c h e d  a f t e r  f i v e  
t o  t e n  c y c l e s .
The f i r s t  c a s e  t o  be c o n s i d e r e d  i s  t h a t  o f  a r e v e r s i b l e  one 
e l e c t r o n  p r o c e s s .  As t h e  e l e c t r o d e  p o t e n t i a l  i n c r e a s e s  c u r r e n t  b e g i n s  
t o  f low i n  t h e  c e l l  as  t h e  e l e c t r o a c t i v e  s u b s t r a t e  (S)  i s  o x i d i s e d ,
S + e
The c u r r e n t  r i s e s  r a p i d l y  u n t i l  a l l  t h e  e l e c t r o a c t i v e  m a t e r i a l  a round
Che e l e c t r o d e  i s  consumed and th e  s u p p ly  o f  s u b s t r a t e  by d i f f u s i o n  from 
t h e  b u l k  phase  i s  e x c e e d e d .  At t h i s  p o i n t  t h e  c u r r e n t  f a l l s  g i v i n g  r i s e  
t o  a p o i n t  o f  i n f l e x i o n  i n  t h e  vol tammograra (Ep^^ f i g u r e  6) as  t h e  con­
c e n t r a t i o n  o f  s u b s t r a t e  a round  t h e  e l e c t r o d e  i s  z e r o .  The maximum 
c u r r e n t  ( i p ^ )  i s  p r o p o r t i o n a l  t o  t h e  peak  h e i g h t .
F i g u r e  6
9 10o f  s c an  speed  , b u t  t h i s  i s  n o t  t r u e  o f  an  i r r e v e r s i b l e  p r o c e s s
The peak  p o t e n t i a l  (Ep)  o f  a r e v e r s i b l e  o x i d a t i o n  i s  i n d e p e n d e n t
Th i s
can  be a u s e f u l  c r i t e r i o n  i n  d e t e r m i n i n g  r e v e r s i b i l i t y .
At a p r e d e t e r m i n e d  v a l u e  (Es ,  t h e  s w i t c h i n g  p o t e n t i a l )  t h e  v o l t a g e
sweep i s  r e v e r s e d  and c u r r e n t  f lows  i n  t h e  o p p o s i t e  d i r e c t i o n .  At  t h i s  
p o i n t  t h e  e l e c t r o d e  i s  s u r r o u n d e d  by o x i d i s e d  s p e c i e s  which a r e  t h e n  
r e d u c e d  a t  t h e  a p p r o p r i a t e  p o t e n t i a l  (Ep^)  g i v i n g  r i s e  t o  a  r e d u c t i o n
pe a k .
For  a t r u l y  r e v e r s i b l e  r e a c t i o n  t h e  r a t i o  o f  peak  c u r r e n t s
( i p ^ / i p ^ )  w i l l  be u n i t y .
I n  t h e  second  c a s e  o f  an i r r e v e r s i b l e  o x i d a t i o n  which p r o c e e d s  
w i t h o u t  an accompanying  c h e m i c a l  r e a c t i o n  t h e  pe aks  w i l l  be b r o a d e r  a t  
h i g h e r  s c a n  spe eds  and o x i d a t i v e  peaks  w i l l  become p r o g r e s s i v e l y  more 
a n o d ic  on i n c r e a s i n g  t h e  s c a n  s p e e d .  R e d u c t i v e  peaks  w i l l  be d i s p l a c e d  
e q u a l l y ,  b u t  i n  a c a t h o d i c  d i r e c t i o n  ( f i g u r e  7 ) .
F i g u r e  7
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The d i s t i n c t i o n  made h e r e  be tw een  r e v e r s i b l e  and i r r e v e r s i b l e  
e l e c t r o d e  p r o c e s s e s  i s  p u r e l y  a r t i f i c i a l  and i s  o n l y  based  on t h e  r a t e s  
o f  c h a rg e  t r a n s f e r  which can  be e f f e c t e d  by t h e  e l e c t r o l y t e  and t h e  
e l e c t r o d e  m a t e r i a l .
For  t h e  t h i r d  c a s e  o f  a r e v e r s i b l e  p r o c e s s  w i t h  an a s s o c i a t e d  
c h e m i c a l  r e a c t i o n  ( f i g u r e  8)  t h e  compound i s  o x i d i s e d  a t  a  p o t e n t i a l  0^ 
t o  p roduce  an o x i d i s e d  s p e c i e s  which  i s  s u f f i c i e n t l y  r e a c t i v e  t o  form a 
p r o d u c t  which i s  o x i d i s e d  a t  t h e  h i g h e r  p o t e n t i a l  0^•  I f  c o m p le te  con­
v e r s i o n  o f  t h e  s u b s t r a t e  h a s  n o t  been  e f f e c t e d  by t h e  t im e  t h e  v o l t a g e  
sweep h a s  r e c y c l e d  t h e n  t h e  r e s i d u a l  o x i d i s e d  s p e c i e s  w i l l  be r e d u c e d  
and a r e d u c t i v e  peak  w i l l  be o b s e r v e d .  w i l l  n o t  be s e e n  i f  t h e  
o x i d i s e d  s p e c i e s  und e rg o e s  a f a s t  c h e m ic a l  r e a c t i o n  compared t o  t h e
F i g u r e  8
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t ime  s c a l e  o f  t h e  sweep.  w i l l  a lways be l e s s  i n t e n s e  t h a n  0 ^ .  On
t h e  second  and s u b s e q u e n t  c y c l e s  0^ w i l l  be r e d u c e d  i n  i n t e n s i t y .  R^ 
may be o b s e r v e d  due t o  t h e  r e d u c t i o n  o f  t h e  s p e c i e s  formed by t h e  second  
o x i d a t i o n  0 ^ .
I n  t h i s  example  two a s s u m p t io n s  have  been  made. I t  was assumed 
t h a t  t h e  c h e m ic a l  p r o d u c t  h a s  a h i g h e r  o x i d a t i o n  p o t e n t i a l  t h a n  t h e  
s u b s t r a t e  and t h a t  i t  forms a s t a b l e  r e d o x  c o u p le  (O2 -R2 ) '  I n  p r a c t i c e ,  
however ,  t h e  p r o d u c t  i s  o f t e n  o x i d i s e d  be low t h e  o x i d a t i o n  p o t e n t i a l  o f  
t h e  s t a r t i n g  m a t e r i a l  and on o x i d a t i o n  u n d e rg o e s  f u r t h e r  c h e m ic a l  
r e a c t i o n s .  O v e r o x i d a t i o n  i s  one o f  t h e  main  f a c t o r s  r e s p o n s i b l e  f o r  
low y i e l d s  i n  some c o u p l i n g  r e a c t i o n s ^ ^ .
A q u a n t i t a t i v e  a s s e s s m e n t  o f  t h e  number o f  e l e c t r o n s  i n v o l v e d  in  
a m e c h a n i s t i c  s equence  can  be made by i n t e g r a t i n g  t h e  vol tammogram 
e l e c t r o n i c a l l y  and com par in g  t h e  i n t e g r a l  w i t h  t h a t  o f  an e q u im o la r  
s o l u t i o n  o f  1 ,4 - d im e th o x y b e n z e n e  which i s  o x i d i s e d  i n  a one e l e c t r o n  
p r o c e s s  a t  a p o t e n t i a l  o f  1 .34  v o l t s .
F a c t o r s  A f f e c t i n g  O x i d a t i o n  P o t e n t i a l s
The p r im a ry  e l e c t r o c h e m i c a l  p r o c e s s  i n  a l l  t h e  o x i d a t i o n  r e a c t i o n s  
p r e s e n t e d  i n  t h i s  t h e s i s  i s  t h e  r em ova l  o f  e l e c t r o n s  from an a r y l  n u c l e u s  
E l e c t r o n - d o n a t i n g  s u b s t i t u e n t s  i n  t h e  a r y l  n u c l e u s  w i l l  r e d u c e  th e  
f i r s t  o x i d a t i o n  p o t e n t i a l  o f  t h e  s u b s t r a t e  and s t a b i l i s e  t h e  r e s u l t a n t  
c a t i o n  r a d i c a l  ( t a b l e  1 ) .
-  e » o
E l e c t r o n - w i t h d r a w i n g  g roups  w i l l  have  t h e  r e v e r s e  e f f e c t .
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O x id a tio n  p o t e n t ia l s  in  a c e t o n i t r i l e  m easured r e l a t i v e  to
th e  SCE.
Lind E^ ( v o l t s )
Benzene 2 .3 9
T oluene 2 .2 9
B iphenyl 1 .9 1
M e sity le n e 1 .9 0
T h io a n iso le 1 .82
A n iso le 1 .67
H exam ethylbenzene 1 .52
Phenol 1 .3 5
1 ,4-D im ethoxybenzene 1 .3 4
1 , 2 , 4 , 5 -Tetram ethoxybenzene 0 .8 1
E le c tr o n  rem oval occu rs from th e  h i p e s t  occu p ied  m o lecu lar  o r b i t a l  
12(homo) , and th e  p resen ce  o f  e le c tr o n -d o n a t in g  s u b s t i t u e n t s  has the
13e f f e c t  o f  r a is in g  th e  en ergy  o f  t h i s  o r b i t a l  thus r ed u c in g  th e  o x id a tio n
p o t e n t ia l .  The r e a c t i v i t y  o f  the r a d ic a l  c a t io n  th en  formed depends to
a la r g e  e x te n t  on th e  p o s i t io n s  o f  s u b s t i t u t io n ;  th u s th e  r e a c t i v i t y  o f
th e  1 ,2 -d im ethoxybenzene r a d ic a l  i s  g r e a te r  than th a t  o f  th e  1 ,4 - is o m e r .
14The l a t t e r  forms a s t a b le  redox co u p le  w hereas in  th e  former c a se  in t e r -  
m olecu lar  c o u p lin g  occu rs a t  th e  para p o s i t io n s  which have r e l a t i v e l y  
h igh  e le c tr o n  d e n s i t i e s  ( f ig u r e  9) and are s t e r i c a l l y  unhindered^^. 
G en era lly  sp eak in g  para c o u p lin g  i s  s tr o n g ly  favoured  and ortho c o u p lin g  
i s  o n ly  observed  when th e  para p o s i t io n s  are b lo c k e d .
13
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E l e c t r o n  s p i n  d e n s i t i e s  in  m ethoxybenzenes
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The Mechanism o f  O x i d a t i v e  C oup l ing
T hree  mechanisms have  been  p ro p o se d  f o r  a r y l - a r y l  c o u p l i n g  r e a c t i o n s  






l o s s  o f  two e l e c t r o n s ,  one from each  o f  t h e  a r y l  r i n g s ,  f o l l o w e d  by  a 
c h e m i c a l  r e a c t i o n .  The a pp roach  o f  two p o s i t i v e l y  c h a rg e d  a r y l  n u c l e i  
seems u n l i k e l y  a t  f i r s t  s i g h t  bu t  t h i s  t y p e  o f  r e a c t i o n  i s  assumed t o  
be q u i t e  common i n  t h e  l i t e r a t u r e ^ ^ . When t h e  two a r y l  n u c l e i  have  
s i m i l a r  o x i d a t i o n  p o t e n t i a l s  t h i s  i s  t h e  m a jo r  r e a c t i o n  pa thway.
The " e c e ” r e a c t i o n  (scheme 2)  h a s  been  advanced  by Nyberg^^ .  One 
o f  t h e  a r y l  r i n g s  i s  o x i d i s e d  and c o u p l i n g  t h e n  o c c u r s  w i t h  a n o n - i o n i s e d  
m o l e c u l e .  Th i s  i s  t h e n  f o l lo w e d  by l o s s  o f  a second  e l e c t r o n  and a 




The t h i r d  r o u t e  h a s  been  p r opose d  by S a i n s b u r y  and i n v o l v e s  










An u n d e r s t a n d i n g  o f  t h e  " c o r r e c t "  mechanism i s  i m p o r t a n t  s i n c e  
t h e r e  a r e  a number o f  anomalous  r e s u l t s  i n  t h e  l i t e r a t u r e  o f  r e a c t i o n s  
which  s h o u ld  p r o c e e d  b u t  do n o t  and i n  t h e  b e g i n n i n g  o f  t h i s  t h e s i s  
some t im e  was d i r e c t e d  to w a rd s  t h e  i n v e s t i g a t i o n  o f  t h e  c o u p l i n g  r e a c t i o n  
o f  a s y m m e t r i c a l l y  s u b s t i t u t e d  d i a r y l e t h a n e .
Some Simple  I n t r a m o l e c u l a r  Anodic C o u p l ing  R e a c t i o n s
A g r e a t  d e a l  o f  work h a s  been  c a r r i e d  o u t  on t h e  e l e c t r o c h e m i c a l  
o x i d a t i o n  o f  d i a r y l a l k a n e s . Anodic o x i d a t i o n  o f  3 , 3 ' , 4 , 4 ' " t e t r a m e t h o x y -  
b i b e n z y l  (1 )  gave t h e  d i h y d r o p h e n a n t h r e n e  (2)  which was f u r t h e r  o x i d i s e d  
t o  t h e  p h e n a n th r e n e  ( 3 ) ^ ^ .
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18O x i d a t i o n  o f  t h e  un s y m m e t r i c a l  3 , 3 ' , 4 - t r i m e t h o x y b i b e n z y l  (4)  
a t  + 1.21  v o l t s  gave r i s e  t o  t h e  dehydrod im er  (5 )  by o x i d a t i o n  o f  t h e  
d im ethoxy  r i n g  i n  an " e c e "  mechanism.
OCH
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However ,  o x i d a t i o n  a t  + 1 .62  v o l t s  gave t h e  d i r a d i c a l  d i e  a t i o n  (6 )  by 
o x i d a t i o n  o f  bo th  r i n g s ;  t h i s  l e d  t o  i n t r a m o l e c u l a r  c o u p l i n g  fo l lo w e d  
by d e h y d r o g e n a t i o n  t o  g iv e  t h e  p h e n a n th r e n e  ( 7 ) .  T h i s  i s  an example o f  
t h e  "ee c "  mechanism.
OCH3
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S i m i l a r l y ,  3 , 3 ' , 4 , 4 ' - t e t r a m e t h o x y d i p h e n y l m e t h a n e  (8 )  on a n o d ic
19o x i d a t i o n  gave t h e  b r i d g e d  b i p h e n y l  (9)  
d i a r y l p r o p a n e  (10)  gave t h e  s p i r o d i e n o n e  (11 )
O x i d a t i o n  o f  t h e  
20







(10) ( 1 1 )
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I n  t h i s  t h e s i s  t h e  a n o d ic  o x i d a t i o n  o f  s e l e c t e d  i n d o l e s  and 
i s o q u i n o l i n e s  h a s  been  s t u d i e d .  A b r i e f  r e v i e w  o f  t h e  s y n t h e t i c  r o u t e s  
t o  t h e s e  h e t e r o c y c l e s  and t h e i r  e l e c t r o c h e m i c a l  r e a c t i o n s  now f o l l o w s .
S y n t h e t i c  Rou te s  t o  A c y l a t e d  I n d o l e s
The deve lo pm en t  o f  i n d o l e  c h e m i s t r y  began w i t h  r e s e a r c h  on t h e
21n a t u r a l  dye i n d i g o t  i n  (12 )  i n  1841 f o r  i t  was soon r e c o g n i s e d  t h a t
i n d p x y l ,  t h e  s im p le  o x i d i s e d  d e r i v a t i v e  o f  i n d o l e ,  was t h e  b a s i c  u n i t
upon which t h e  dye i s  c o n s t r u c t e d .  The s t r u c t u r e  o f  i n d o l e  (13 )  was





S i m i l a r l y  Baeyer  a l s o  d e v e lo p e d  t h e  f i r s t  s y n t h e s i s  o f  an i n d o l e  
d e r i v a t i v e  by t h e  r e d u c t i v e  c y c l i s a t i o n  o f  2 - n i t r o p h e n y l a c e t i c  a c i d  (14 )  
t o  o x i n d o l e  ( 1 5 ) ^ ^ .
f^CH 2C00H  ̂
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A r e v i v a l  o f  i n t e r e s t  i n  i n d o l e  d e r i v a t i v e s  came a t  t h e  b e g i n n i n g  
o f  t h i s  c e n t u r y  w i t h  t h e  d i s c o v e r y  o f  t h e  i n d o l e  a l k a l o i d s  and o t h e r
i m p o r t a n t  compounds such as  t h e  e s s e n t i a l  amino a c i d  t r y p t o p h a n  (16 )





( 16) (17 )
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S ince  t h e n  i n d o l e s  have  c o n t i n u e d  t o  i n c r e a s e  i n  s i g n i f i c a n c e  i n  
m e d i c i n a l  c h e m i s t r y .
I n  t h i s  t h e s i s  a number o f  2 - a c y l  (18)  and 3 - a c y l i n d o l e s  (19 )  
were s y n t h e s i s e d  f o r  s u b s e q u e n t  e l e c t r o c h e m i c a l  i n v e s t i g a t i o n  and a 




Two p o s s i b i l i t i e s  e x i s t  f o r  t h e  s y n t h e s i s  o f  a c y l a t e d  i n d o l e s .  
E i t h e r  an i n d o l e  p r e c u r s o r  c a n  be a c y l a t e d  b e f o r e  t h e  i n d o l e  r i n g  sy s tem  
i s  formed or  e l s e  an i n d o l e  n u c l e u s  can  be a c y l a t e d .
S y n t h e s i s  from I n d o l e  P r e c u r s o r s  
The F i s c h e r  I n d o l e  S y n t h e s i s
The c l a s s i c a l  method f o r  p r e p a r i n g  i n d o l e s  i s  t h e  F i s c h e r  
s y n t h e s i s ^ ^ .  l - M e t h y l i n d o l e - 2 - c a r b o x y l i c  a c i d  (21)  was p r e p a r e d  by 
h e a t i n g  t h e  m e th y Ip h e n y I h y d ra z o n e  o f  p y r u v ic  a c i d  (20)  i n  d i l u t e  h y d r o ­
c h l o r i c  a c i d .
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( 2 0 ) ( 21)
I t  was l a t e r  found t h a t  y i e l d s  were i n c r e a s e d  u s i n g  z i n c  c h l o r i d e  as  
27c a t a l y s t
S inc e  t h e n  t h e  a r y l h y d r a z o n e s  o f  many c a r b o n y l  compounds (22 )  have  
been  c o n v e r t e d  t o  i n d o l e s  (23 )  w i t h  a v a r i e t y  o f  a c i d s  and m e t a l  h a l i d e s
NN=CR
(22) (23)
28The mechanism p ro p o se d  by Rob inson  and R ob inson  assumed t h a t  an a c i d
c a t a l y s t  i s  r e q u i r e d .  However ,  i t  h a s  been  found  t h a t  t h e r m a l  
29
i n d o l i s a t i o n  i s  a l s o  p o s s i b l e  by h e a t i n g  i n  h i g h  b o i l i n g  s o l v e n t s  such
30as  e t h y l e n e  g l y c o l ,  d i e t h y l e n e  g l y c o l ,  or  t e t r a l i n  . The a c i d  c a t a l y s t s
most  g e n e r a l l y  used  a r e  z i n c  c h l o r i d e ,  s u l p h u r i c ,  h y d r o c h l o r i c ,  p h o s p h o r i c ,
fo rm ic  and a c e t i c  a c i d s ,  bo ron  t r i f l u o r i d e ,  p o l y p h o s p h o r i c  a c i d  and
31p o l y p h o s p h o r i c  e s t e r
The most  c o n v e n i e n t  method f o r  p r e p a r i n g  t h e  r e q u i r e d  a r y l h y d r a -
32zones  i s  t h e  J a pp -K l inge m a nn  r e a c t i o n  (scheme 4 ) .
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The r e a c t i o n  o f  a d iazon ium  s a l t  (24)  w i t h  t h e  s u b s t i t u t e d  
a c e t o a c e t i c  e s t e r  o r  a c i d  (25)  g i v e s  r i s e  t o  t h e  h y d r a z o n e  (26)  which  
i s  t h e n  c y c l i s e d  t o  t h e  c o r r e s p o n d i n g  i n d o l e  (27 or  2 8 ) .  T h i s  s y n t h e s i s  





The R e i s s e r t  S y n t h e s i s
I n d o l e - 2 - c a r b o x y l i c  a c i d  (31)  can be s y n t h e s i s e d  by t h e  c y c l i s a t i o n
33o f  o - n i t r o p h e n y l p y r u v i c  a c i d  (30)  
t h e  pheny l  r i n g  i s  s u b s t i t u t e d .
T h i s  r e a c t i o n  i s  o f  most  use  when
Q c h ^ o c o o h  , ^ 3 , ^
N H 4 O H
(30)
P y r o l y s i s  o f  S t y r y l  A z ides
UN /C O O H  
H
(31)
I n d o l e s  can  be formed by t h e  t h e r m a l  c y c l i s a t i o n  o f  s t y r y l




R e d u c t i o n  o f  N i t r o s t y r y l  Ketones
A u s e f u l  r o u t e  t o  2 - a c y l i n d o l e s  i s  t h e  t r i e t h y l  p h o s p h i t e  r e d u c -
35t i v e  c y c l i s a t i o n  o f  o - n i t r o s t y r y l k e t o n e s  (33 )
[cf^CH=CHCOR {EtO)3P
k ^ N 0 2 M / C O R
(3 3 )
P y r o l y s i s  o f  A z i d o s t y r y l  Ketones
Thermal  c y c l i s a t i o n  o f  o - a z i d o s t y r y l  k e t o n e s  (34)  g i v e s  r i s e  t o







The mechanism in  t h e  l a s t  two r e a c t i o n s  i s  e s s e n t i a l l y  t h e  same, t h a t  
i s ,  t h e  g e n e r a t i o n  o f  t h e  n i t r e n e  (35)  by t h e r m a l  d e c o m p o s i t i o n  o f  an 
a z i d e  or  t h e  r e d u c t i o n  o f  a n i t r o  compound.
CH^CHCOR
N:
( 3 5 )
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C y c l i s a t i o n  o f  Keto E s t e r s
Base c a t a l y s e d  c y c l i s a t i o n  o f  compounds o f  t y p e  (36 )  g i v e s  r i s e  
t o  3 - h y d r o x y - 2 - a c y l i n d o l e s  ( 3 7 ) .
COOCH3 NaOEt
N C H 2 C O R
( 3 6 )
C y c l i s a t i o n  o f  Su lphonamides
The s u lphona m ide s  o f o - a m i n o c a r b o n y l  compounds (38)  a r e  N - a l k y l a t e d
and t h e n  undergo  b a s e  c a t a l y s e d  a l d o l  c o n d e n s a t i o n  and s u b s e q u e n t
d e h y d r a t i o n  t o  g iv e  2 - s u b s t i t u t e d  i n d o l e  su lp h o n a m id e s  ( 3 9 ) .  On
h y d r o l y s i s  t h e  s u lphona m ide s  g iv e  r i s e  t o  t h e  c o r r e s p o n d i n g  i n d o l e s
37( 4 0 ) .  T h i s  r o u t e  i s  a p p l i c a b l e  t o  2 - a c y l  and 2 - c y a n o i n d o l e s
I .NaH
OC 0 R  _____________N S O 9 R ' 2 . X C H 2 Z H
( 3 8 )
R
N
( 3 9 )
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S y n t h e s i s  from I n d o l e s
D i r e c t  a c é t y l a t i o n  o f  i n d o l e  w i t h  a c e t i c  a n h y d r i d e  g i v e s  a
38m i x t u r e  o f  1 - a c e t y l -  and 1 , 3 - d i a c e t y l i n d o l e  . 1 - A c e t y l i n d o l e  i s
e a s i l y  removed by s team  d i s t i l l a t i o n .  The d i a c e t y l i n d o l e  can  be
h y d r o l y s e d  w i th  sodium h y d r o x i d e  t o  3 - a c e t y l i n d o l e . For  more complex
a c y l i n d o l e s  t h i s  r o u t e  i s  o f  l i t t l e  s y n t h e t i c  u t i l i t y .  I n  g e n e r a l ,
a c y l a t i o n  o f  i n d o l e  w i t h  a c i d  c h l o r i d e s  o r  a n h y d r i d e s  y i e l d s  b i s -  and
39t r i s - i n d o l y l  sys te m s
The b e s t  r o u t e  t o  3 - a c y l i n d o l e s  i s  t r e a t m e n t  o f  i n d o l e  magnesium 
bromide  (41 )  w i t h  an  a c i d  c h l o r i d e ^ ^ .  T h i s  method was used to  make a l l  





I n v e r s e  a d d i t i o n  o f  t h e  G r i g n a r d  r e a g e n t  t o  t h e  a c i d  c h l o r i d e  i s  
n e c e s s a r y  t o  p r e v e n t  two m o l e c u l e s  o f  i n d o l e  a t t a c k i n g  one m o le c u le  o f  
a c i d  c h l o r i d e .
T r e a t m e n t  o f  t h e  G r i g n a r d  r e a g e n t  (41 )  w i t h  e s t e r s  g e n e r a l l y  l e a d s
t o  mixed 1-  and 3 - a c y l a t i o n ;  however  c e r t a i n  e s t e r s  g iv e  e x c l u s i v e l y  
413 - a c y l a t i o n
The V i l s m e i e r - H a a c k  r e a c t i o n  g i v e s  3 - a c y l i n d o l e s  by t r e a t m e n t  o f  
i n d o l e s  w i t h  amides (42)  in  t h e  p r e s e n c e  o f  phosphor  us o x y c h l o r i d e
26
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I m i d a z o l e  and t r i f l u o r o a c e t i c  a c i d  a r e  a l s o  r e p o r t e d  t o  f a c i l i ­
t a t e  a c y l a t i o n  o f  i n d o l e s ^ ^ .  The a c y l i m i d a z o l e  (43)  i s  p r e p a r e d  and 





The s y n t h e s i s  o f  2 - a c y l i n d o l e s  p r e s e n t s  a r a t h e r  g r e a t e r  problem.
I n d o l e s  a r e  h i g h l y  r e a c t i v e  tow a rds  e l e c t o p h i l i c  s u b s t i t u t i o n  a t  t h e
3 - p o s i t i o n  and a t t a c k  a t  t h e  2 - p o s i t i o n  i s  more d i f f i c u l t .
2 - A c e t y l i n d o l e  (44)  i s  s y n t h e s i s e d  by t r e a t m e n t  o f  i n d o l e  w i t h
a c e t i c  a n h y d r i d e  i n  t h e  p r e s e n c e  o f  a c a t a l y t i c  amount  o f  magnesium 
1 -, 44p e r c h l o r a t e  . The c a t a l y s t  i s  t h o u g h t  t o  b r i n g  a b o u t  r e a r r a n g e m e n t  
o f  1 - a c e t y l i n d o l e  t o  2 - a c e t y l i n d o l e .
A C 2 O
MgClO^ N -^C0 CH3
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M e t a l a t i o n  o f  i n d o l e  w i t h  b u t y l l i t h i u m  g i v e s  1 - l i t h i o i n d o l e ; 
however ,  i f  t h e  1 - p o s i t i o n  i s  p r o t e c t e d  t h e  2 - l i t h i o i n d o l e  (45)
r e s u l t s 45
Bull
EtoO
T h i s  r e a g e n t  i s  an i m p o r t a n t  i n t e r m e d i a t e  i n  t h e  p r e p a r a t i o n  o f  a v a r i e t y  
o f  2 - s u b s t i t u t e d  i n d o l e s ^ ^  (scheme 5)  i n c l u d i n g  2 - a c y l i n d o l e s .  T r e a t ­
ment  o f  (45)  w i th  N - m e t h y l f o r m a n i l i d e  (46)  i s  a u s e f u l  r o u t e  t o  




















48B l a c k  h a s  r e c e n t l y  r e p o r t e d  a s y n t h e s i s  o f  2 - a c y l i n d o l e s  f rom 
















49J o u l e  r e p o r t s  i n a d e q u a c i e s  e x p e r i e n c e d  i n  some c o n v e n t i o n a l
2 - a c y l i n d o l e  s y n t h e s e s  and r e p o r t s  a new r o u t e  which  was found s u b ­
s e q u e n t l y  t o  be o f  g r e a t e s t  s y n t h e t i c  v a l u e  i n  t h i s  t h e s i s .  I t  h a s  been 
n o t e d  t h a t  i n d o l e  magnesium bromide  r e a c t s  w i t h  e l e c t r o p h i l e s  a t  t h e
3 - p o s i t i o n .  However ,  p y r r o l e  magnesium bromide  i s  r e a c t i v e  a t  t h e
2 - p o s i t i o n .  4 , 5 , 6 , 7 - 1 e t r a h y d r o i n d o l e  be h a v es  as  a d i a l k y l p y r r o l e  and 
i s  s u b j e c t  t o  e l e c t r o p h i l i c  a t t a c k  a t  t h e  2 - p o s i t i o n .  Thus t r e a t m e n t  
o f  t e t r a h y d r o i n d o l e  magnesium bromide  (49)  w i t h  e s t e r s  f o l l o w e d  by 
a r o m a t i s a t i o n  w i t h  d i c h l o r o d i c y a n o b e n z o q u i n o n e  (DDQ) g i v e s  2 - a c y l i n d o l e s
30







P r o p e r t i e s  o f  A c y l i n d o l e s
S t r o n g  i n t e r m o l e c u l a r  h y d r o g e n  b o n d in g  g i v e s  r i s e  t o  t h e  low 
s o l u b i l i t y  o f  3 - a c y l i n d o l e s  i n  most  o r g a n i c  s o l v e n t s .  However ,  r a t h e r  
g r e a t e r  s o l u b i l i t y  i s  s e e n  i n  hyd ro g en  bond b r e a k i n g  s o l v e n t s  such as  
p y r i d i n e ,  d i m e t h y l s u l p h o x i d e  and d i m e t h y l f o r m a m i d e .
The i n d o l e  a n i o n  (51)  i s  formed i n  c o n c e n t r a t e d  aqueous  a l k a l i  
o r  s t r o n g e r  b a s i c  s y s t e m s ;  i n d o l e s  a r e  t h u s  more a c i d i c  t h a n  a l i p h a t i c  
amines  s i n c e  t h e  c o n j u g a t e  a n i o n  i s  s t a b i l i s e d  by r e s o n a n c e ^ ^ .  The 
pK^ v a l u e s  o f  3 - a c y l i n d o l e s  a r e  u n u s u a l l y  low: t h i s  r e l a t i v e l y  h i g h  
a c i d i t y  i s  c a u se d  by t h e  i n t e r m o l e c u l a r  hyd ro g en  b o nd ing  be tw een  t h e  
NH and t h e  c a r b o n y l  g roup ,  and t h e  s t r o n g  c o n j u g a t i o n  which  e x i s t s  
w i t h i n  t h e  v i n y l o g o u s  amide chromophore ( 5 0 ) .  The enhanced  a c i d i t y  o f
3 - a c y l i n d o l e s  means t h a t  t h e y  can  e a s i l y  be N - a l k y l a t e d  w i t h  a l k y l  
h a l i d e s  o r  a l k y l  s u l p h a t e s  i n  t h e  p r e s e n c e  o f  m o d e r a t e l y  s t r o n g  b a s e s  












The low bond o r d e r  o f  t h e  c a r b o n y l  g roup  i s  shown by i t s  low
i n f r a r e d  s t r e t c h i n g  f r e q u e n c y .  The c a r b o n y l  group  i n  3 - a c y l i n d o l e s
-1 -1a b s o r b s  a t  1620-1590 cm , 2 - a c y l i n d o l e s  a b s o r b  a t  1630 cm . The r i n g
c u r r e n t  i n  t h e  p y r r o l e  r i n g  o f  i n d o l e s  i s  l e s s  t h a n  i n  t h e  benzene  r i n g ,  
so t h e  p r o t o n s  i n  t h e  2- and 3-  p o s i t i o n s  a r e  l e s s  d e s h i e l d e d  and a p p e a r  
a t  h i g h e r  f i e l d s  t h a n  t h e  o t h e r  p r o t o n s  i n  t h e  p r o t o n  m a g n e t i c  r e s o n a n c e  
s p e c t r u m .  The l a r g e  e l e c t r o n  d e n s i t y  a t  t h e  3 - p o s i t i o n  i n  s im p le  
i n d o l e s  i s  r e f l e c t e d  i n  i t s  c h e m ic a l  s h i f t  ( ~ 6 .4  ppm d o w n f i e l d  from TMS). 
The c a r b o n y l  group i n  3 - a c y l i n d o l e s  c a u s e s  d e s h i e l d i n g  o f  t h e  p r o t o n  in  
t h e  4 - p o s i t i o n  g i v i n g  r i s e  t o  a s i g n a l  a t  8 . 0  - 8 . 2  ppm. T h i s  i s  
c h a r a c t e r i s t i c  o f  3 - a c y l i n d o l e s ;  t h e r e  i s  no c o r r e s p o n d i n g  e f f e c t  i n
2 - a c y l i n d o l e s .
I n d o l e s  u n s u b s t i t u t e d  a t  t h e  3 - p o s i t i o n  a r e  p rone  t o  d i m é r i s a t i o n  
52and t r i m é r i s a t i o n  . T r e a tm e n t  o f  i n d o l e  w i t h  d r y  h y d r o g e n  c h l o r i d e  i n
53a p r o t i c  s o l v e n t s  g i v e s  t h e  h y d r o c h l o r i d e  s a l t  o f  t h e  i n d o l e  d imer (52)
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I n  aqueous  a c i d s  an e q u i l i b r i u m  i s  e s t a b l i s h e d  be tw een  i n d o l e ,  t h e  
dimer  ( 5 2 ) ,  t h e  t r i m e r  (53 )  and t h e i r  s a l t s  (scheme 6 ) ^ ^ .  Both 
d i m é r i s a t i o n  and t r i m é r i s a t i o n  a r e  a c i d  c a t a l y s e d  and t h e i r  r a t e s  
depend upon a c i d  c o n c e n t r a t i o n ;  t h e  i n d o l e  i s  p r o t o n a t e d  a t  the
3 - p o s i t i o n .  D i m é r i s a t i o n  o f  i n d o l e  accom pan ie s  c e r t a i n  r e a c t i o n s  
i n v o l v i n g  e l e c t r o p h i l i c  s u b s t i t u t i o n ^ ^ .  Th is  t e n d e n c y  tow ards  p o l y ­
m e r i s a t i o n  i s  t h o u g h t  t o  have  been  a major  p rob lem  i n  some o f  the  










E l e c t r o c h e m i c a l  O x i d a t i o n s  o f  I n d o l e s
I n d o l e  i t s e l f  i s  o x i d i s e d  a t  a p o t e n t i a l  o f  + 0 . 9 4  v o l t s  r e l a t i v e  
t o  t h e  SCE^^. P o l y m e r i s a t i o n  i s  a m ajor  p rob lem  which c a u s e s  e l e c t r o d e  
f o u l i n g  and makes p r o d u c t  i s o l a t i o n  d i f f i c u l t .  However ,  i f  a c a rb o n  
f e l t  anode i s  u sed  w i t h  t e t r ae th y la m m o n iu m  p e r c h l o r a t e  a s  s u p p o r t i n g  
e l e c t r o l y t e  i n  a c e t o n i t r i l e  i t  i s  p o s s i b l e  t o  i s o l a t e  compound (54)  in  
15% y i e l d ^ ^ .  The e x t r a  a toms a p p e a r  t o  have  come from t h e  e l e c t r o l y t e ,  
b u t  t h e  mode o f  f o r m a t i o n  i s  n o t  known.
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C0C0N(C2H^2
When t h e  2-  and 3 - p o s i t i o n s  o f  i n d o l e  a r e  b l o c k e d  d i m é r i s a t i o n  
o c c u r s .  Thus o x i d a t i o n  o f  2 , 3 - d i p h e n y l i n d o l e  (55 )  gave (56 )  i n  90%
y i e l d
Ph
Qô  —> dJph CO""
H H H
( 5 5 )  (56)
On t h e  o t h e r  hand  o x i d a t i o n  o f  1 , 2 , 3 , 4 - t e t r a h y d r o c a r b a z o l e  (57)  
a f f o r d e d  t h e  dimer  ( 5 8 )^ ^  th ro u g h  b e n z y l i c  c o u p l i n g ,  and e l e c t r o l y s i s  
o f  t h e  3 - a r y l a m i n o i n d o l e  (59)  y i e l d e d  t h e  3 - i m i n o - 3 # - i n d o l e  (60)  
t h ro u g h  d e p r o t o n a t i o n  a t  t h e  e x o c y c l i c  p o s i t i o n ^ ^ .
35
S a i n s b u r y  and Wyatt  have i n v e s t i g a t e d  t h e  a n o d ic  o x i d a t i o n  o f  
s e v e r a l  i n d o l e  d e r i v a t i v e s  i n  t h i s  l a b o r a t o r y ^ ^ . The i n d o l i n e  s a l t  
(61 )  gave t h e  d e m e t h y l a t e d  i n d o l e  ( 6 3 ) .  The r e a c t i o n  i n t e r m e d i a t e  
i s  t h o u g h t  t o  be t h e  d i e n o l  (62)  which  t h e n  l o s e s  m e t h a n o l ,  s i n c e  t h e  
r e a c t i o n  does  n o t  t a k e  p l a c e  w i t h  t h e  c o r r e s p o n d i n g  
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I n  a n o t h e r  e x p e r i m e n t  t h e  o x i n d o l e  (64 ,  R=H) gave two p r o d u c t s ,  















I n t e r e s t i n g l y  t h e  N - a c e t y l  compound (64 ,  R=COCHg) u n d e rg o e s  i n t r a ­




However , t h e  N - s u b s t i t u t e d  o x i n d o l e  (68)  o n ly  gave an i n t r a c t a b l e  
t a r  on o x i d a t i o n ,  b u t  i n  a r e l a t e d  i n v e s t i g a t i o n  w i t h  t h e  N - a c y l i n d o l e  
(69)  a s m a l l  amount  o f  3 , 4 - d i m e t h o x y p h e n y l a c e t i c  a c i d  (70 )  was formed 
due t o  f r a g m e n t a t i o n  o f  t h e  N - s u b s t i t u e n t .
C H g O r ^ ^ 1CHoO




C H ] 0 k J j
( 7 0 )
3 - ( 3 , 4 - D i m e t h o x y p h e n y l ) e t h y l i n d o l e  (71,R=H) gave a r e s i n  on 
o x i d a t i o n ,  b u t  t h e  N - a c e t y l  compound (71 ,  R=COCHg) a f f o r d e d  t h e  dimer (72 )
(71)
OCH
R = C O C H ]
OCH] 
C H ] 0 , ^
( 7 2 )
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For t h e s e  s u b s t r a t e s  which c o n t a i n  bo th  an i n d o l e  m o ie ty  and an 
oxygena ted  a r o m a t i c  r i n g  i t  i s  d i f f i c u l t  t o  d e c i d e  which sy s te m  i s  
o x i d i s e d  f i r s t  a l t h o u g h  i n s t i n c t i v e l y  one f a v o u r s  t h e  i n d o l e  n u c l e u s .  
Thus,  t h e  more d e a c t i v a t e d  c a r b o n y l  compound (73)  f a i l e d  t o  undergo  any 
r e a c t i o n  under  e l e c t r o c h e m i c a l  c o n d i t i o n s  and i t s  c y c l i c  vol tammogram 
showed o n l y  a r e d o x  c o u p le  a t  + 1 .2  v o l t s .  The p r e s e n c e  o f  t h e  a c y l  
group  i n  t h e  3 - p o s i t i o n  r a i s e s  t h e  o x i d a t i o n  p o t e n t i a l  o f  t h e  i n d o l e  
r i n g  and so  t h e  e l e c t r o n  l o s s  must  now be from t h e  d im e thoxyphe ny l  r i n g
The s t a r t i n g  p o i n t  f o r  t h i s  t h e s i s  was t h e  a n o d ic  o x i d a t i o n  o f  
compound (74 )  which u n d e rg o e s  a c o u p l i n g  r e a c t i o n .  Once a g a i n  i n i t i a l  
i o n i s a t i o n  o c c u r s  f rom t h e  a r y l  n u c l e u s  o f  t h e  3 - s u b s t i t u e n t  and t h i s  
i s  assumed t o  a t t a c k  t h e  i n d o l e  a t  the  3 - p o s i t i o n  g i v i n g  t h e  s p i r o -  
i n t e r m e d i a t e  ( 7 5 ) .  T h i s  was t h o u g h t  t o  r e a r r a n g e  and unde rgo  f u r t h e r  
o x i d a t i o n  t o  g iv e  t h e  qu inone  ( 7 6 ) .
N
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However ,  t h i s  p r o d u c t  f a i l e d  t o  r e a c t  w i t h  1 , 2 -d iamimobenzene  t o  g iv e  
a q u i n o x a l i n e  and d i d  n o t  undergo  D i e l s - A l d e r  r e a c t i o n s  w i t h  a  v a r i e t y  
o f  d i e n o p h i l e s ^ ^ . R e a r ra n g e m e n t  o f  (75 )  c o u ld  a l s o  g iv e  t h e  qu inone  
e n o l  ( 7 7 ) .  Such a  s t r u c t u r e  would n o t  be e x p e c t e d  t o  undergo  t h e  above 
m e n t io n e d  r e a c t i o n s ,  and so t h e  t r u e  n a t u r e  o f  t h e  o x i d a t i o n  p r o d u c t  
was i n  doubt  when t h i s  work b e ga n .
HO 0
0
( 7 7 )
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S y n t h e t i c  Rou te s  t o  I s o q u i n o l i n e s
I s o q u i n o l i n e  (78 )  was f i r s t  r e p o r t e d  i n  1885^^ when i t  was 
i s o l a t e d  from c o a l  t a r .  Many t y p e s  o f  i s o q u i n o l i n e s  have  been  found 
i n  t h r e e  n a t u r a l  s o u r c e s :  c o a l  t a r ,  p e t r o l e u m  and p l a n t s .  By f a r  t h e  
l a r g e s t  number o f  i s o q u i n o l i n e  d e r i v a t i v e s  h a v e  been  i s o l a t e d  from 
p l a n t s .  These a r e  t h e  i s o q u i n o l i n e  a l k a l o i d s  which  a r e  b i o s y n t h e s i s e d  
from t y r o s i n e  ( 7 9 ) .
HoCri.
(79)
The f r e q u e n t  o c c u r r e n c e  o f  t h e  i s o q u i n o l i n e  n u c l e u s  i n  a l k a l o i d s  
and i n  some p h y s i o l o g i c a l l y  a c t i v e  compounds h a s  l e d  t o  g r e a t  i n t e r e s t  
i n  t h e  c o n s t r u c t i o n  o f  i s o q u i n o l i n e  d e r i v a t i v e s .  The c l a s s i c a l  methods 
o f  s y n t h e s i s  c o m p r i se  t h e  f a m i l i a r  B i s c h l e r - N a p i e r a l s k i , P i c t e t - S p e n g l e r , 
and P o m e r a n z - F r i t s c h  r e a c t i o n s .  I n  r e c e n t  y e a r s  many m o d i f i c a t i o n s  o f  
t h e s e  c l a s s i c a l  s y n t h e s e s  have  been  p u b l i s h e d  i n  a d d i t i o n  t o  some new 
s y n t h e t i c  r o u t e s .
I n  t h i s  t h e s i s  a l l  t h e  i s o q u i n o l i n e s  u s e d  were s y n t h e s i s e d  by 
m o d i f i e d  P o m e r a n z - F r i t s c h  r e a c t i o n s .
The P o m e r a n z - F r i t s c h  R e a c t i o n
The P o m e r a n z - F r i t s c h  r e a c t i o n ^ ^  i s  c a r r i e d  ou t  i n  two s t a g e s .
F i r s t  o f  a l l  an a r o m a t i c  a l d e h y d e  (80)  i s  co n d e n se d  w i t h  a m i n o a c e t a l -  
dehyde d i m e t h y l a c e t a l  (81 )  to  form a S c h i f f  b a s e  ( 8 2 ) .  The second  s t a g e  
r e q u i r e s  t h e  a c i d - c a t a l y s e d  c y c l i s a t i o n  o f  t h e s e  p r o d u c t s  t o  t h e  
i s o q u i n o l i n e  ( 8 3 ) .  The second  s t e p  i s  an i n t r a m o l e c u l a r  e l e c t r o p h i l i c
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s u b s t i t u t i o n  and c o n s e q u e n t l y  t h e  e a s e  o f  c y c l i s a t i o n  depends  on the  
s u s c e p t i b i l i t y  o f  t h e  a r o m a t i c  r i n g  t o  e l e c t r o p h i l i c  a t t a c k .  I f  t h e  
r i n g  i s  a c t i v a t e d  by e l e c t r o n  d o n a t i n g  s u b s t i t u e n t s  t h e  c y c l i s a t i o n  
o c c u r s  under  m i l d  c o n d i t i o n s  whereas  u n s u b s t i t u t e d  o r  d e a c t i v a t e d  s u b ­









( 8 2 ) ( 8 3 )
The o r i g i n a l  P o m e r a n z - F r i t s c h  p r o c e d u r e  h a s  now l a r g e l y  been  
s u p e r s e d e d  by v a r i o u s  m o d i f i c a t i o n s ,  some o f  which  a r e  o u t l i n e d  below
M o d i f i c a t i o n s  o f  t h e  P o m e r a n z - F r i t s c h  R e a c t i o n
S c h l i t t l e r  and M u l l e r^ ^  condensed  ben z y la m in e  (84 )  w i t h  g l y o x a l  
s e m i a c e t a l  t o  g i v e  t h e  a l t e r n a t i v e  Sch i f f  b a s e  (85 )  which may be
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c y c l i s e d  w i t h  s u l p h u r i c  a c i d  t o  i s o q u i n o l i n e  i t s e l f .  Th i s  m o d i f i c a t i o n  
s im p ly  a l l o w s  t h e  s u b s t i t u t i o n  o f  b e n z y la m i n e s  f o r  b e n z a l d e h y d e s  a s  
s t a r t i n g  m a t e r i a l s .
OCH
( C H s O y H C H O
( 8 4 )
I
However ,  a much more i m p o r t a n t  m o d i f i c a t i o n  o f  t h e  Pomeranz- 
F r i t s c h  r e a c t i o n  i s  t h a t  p i o n e e r e d  by B o b b i t t ^ ^  and s u b s e q u e n t l y  used  
by many o t h e r s .  Here a S c h i f f  b a s e  (82 )  i s  r e d u c e d  t o  a be nz y la m ine
(86)  which i s  c y c l i s e d  w i t h  6N h y d r o c h l o r i c  a c i d  a t  room t e m p e r a t u r e  t o  
g iv e  t h e  4 - h y d r o x y - 1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  ( 8 7 ) .  Th i s  compound
O C H 3







(87)  i s  t h e n  h y d r o g e n a t e d  t o  g iv e  t h e  1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e
(88)  o r  t r e a t e d  w i t h  N -b rom osuc c in im ide  (NBS), f o l l o w e d  by d e h y d r a t i o n  
t o  g i v e  t h e  f u l l y  a r o m a t i c  i s o q u i n o l i n e  ( 8 3 ) .
I f  t h e  S c h i f f  b a s e  (82 )  i s  t r e a t e d  w i t h  a  G r i g n a r d  r e a g e n t  t h e n  
t h e  r e s u l t a n t  b enzy lam ine  (89 )  a f f o r d s  a  1 - a l k y l  o r  l - a r y l - 1 , 2 , 3 , 4 -  






R e d u c t i v e  a l k y l a t i o n  o f  t h e  b e n z y la m in e  (86)  w i t h  f o r m a l i n  f o l l o w e d  
by t h e  u s u a l  c y c l i s a t i o n  y i e l d s  t h e  2 - m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  
( 9 1 ) 6 8 .
HCHO 
(86)  CHoCOOH 




The B o b b i t t  s y n t h e s i s  i s  t h u s  o f  g e n e r a l  u se  i n  t h e  p r e p a r a t i o n  
o f  1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e s  s u b s t i t u t e d  a t  t h e  1 , 2 , 5 , 6 , 7 -  and 
8 -  p o s i t i o n s  b u t  i f  t h e  B o b b i t t  r e a c t i o n  i s  c a r r i e d  o u t  a t  e l e v a t e d  
t e m p e r a t u r e s  t h e n  d e h y d r a t i o n  o f  t h e  4 - h y d ro x y  compound (87)  o c c u r s  t o  
g i v e  t h e  1 , 2 - d i h y d r o i s o q u i n o l i n e  ( 9 2 ) .  Such p r o d u c t s  a r e  r e a c t i v e  
enamines  and can  be u t i l i s e d  i n  t h e  p r e p a r a t i o n  o f  4 - s u b s t i t u t e d  i s o ­
q u i n o l i n e s  by r e a c t i o n  w i t h  e l e c t r o p h i l e s .
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(92)
Thus c y c l i s a t i o n  o f  b e n z y la m i n e s  (86)  i n  b o i l i n g  6N e t h a n o l i c  
h y d r o c h l o r i c  a c i d  i n  t h e  p r e s e n c e  o f  a r o m a t i c  a l d e h y d e s  y i e l d s






S i m i l a r l y  t h e  r e a c t i o n  o f  (86 )  w i t h  g l y o x y l i c  a c i d  g i v e s
4 - c a r b o x y m e t h y l i s o q u i n o l i n e s  ( 9 4 ) ^ ^ .
(86) + HOOCCHO H*
A
CHoCOOH
( 9 4 )
1 , 2 - D i h y d r o i s o q u i n o l i n e s  c a n  a l s o  be  g e n e r a t e d  by r e d u c t i o n  o f  
i s o q u i n o l i n e  s a l t s  w i t h  l i t h i u m  a lum in ium  h y d r i d e  (LAH). The r e a c t i v e  
p r o d u c t s  c a n  t h e n  be t r e a t e d  w i t h  e l e c t r o p h i l e s  t o  g iv e  4 - s u b s t i t u t e d
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i s o q u i n o l i n e s .  T h i s  method i s  used  h e r e  i n  t h e  s y n t h e s i s  o f
4 - a c y l - 1 , 2 - d i h y d r o i s o q u i n o l i n e s .
The m e t h i ^ o d i d e  (95 )  was r e d u c e d  w i t h  LAH i n  e t h e r  t o  g iv e
l , 2 - d i h y d r o - 2 - m e t h y l i s o q u i n o l i n e  (96 )  which  was t r e a t e d  w i t h  a c i d  
c h l o r i d e s  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  t o  g iv e  4 - a c y l - l , 2 - d i h y d r o -  
i s o q u i n o l  i n e s  (97 ) ..








A f u r t h e r  m o d i f i c a t i o n  o f  t h e  B o b b i t t  r e a c t i o n  o f t e n  used  i n  t h i s  
t h e s i s  was t h a t  p ro p o se d  by J a c k s o n ^ ^ .  I n  t h i s  a  b e n z y la m in e  (86)  i s  
t o s y l a t e d  and t h e n  t r e a t e d  w i t h  a c i d  i n  r e f l u x i n g  d i o x a n  whereupon 
c y c l i s a t i o n  o c c u r s  w i t h  t h e  e l i m i n a t i o n  o f  / ’- t o l u e n e s u l p h i n i c  a c i d  t o  
g i v e  t h e  c o r r e s p o n d i n g  i s o q u i n o l i n e  (83 )  d i r e c t l y .











T re a tm e n t  o f  S c h i f f  b a s e s  (82)  w i t h  bo ron  t r i f l u o r i d e  i n  
t r i f l u o r o a c e t i c  a n h y d r i d e  a l s o  gave i s o q u i n o l i n e s  ( 8 3 ) ^ ^ ,  and t h i s  
m o d i f i c a t i o n  i s  u s e f u l  when t h e  i s o q u i n o l i n e  (83)  c a r r i e s  an  a lkoxy  
group  i n  t h e  7 - p o s i t i o n .
The l a t e s t  improvement o f  t h e  P o m e r a n z - F r i t s c h  r e a c t i o n  t o  be
72p u b l i s h e d  i s  t h a t  o f  Watanabe . Here a be n z y la m in e  (86)  i s  t r e a t e d  
w i t h  c o l d  c h l o r o s u l p h o n i c  a c i d  and c y c l i s e d  t o  t h e  i s o q u i n o l i n e  (83)  
d i r e c t l y .  Th is  t e c h n i q u e  h a s  been  a p p l i e d  t o  i s o q u i n o l i n e s  s u b s t i t u t e d  
i n  t h e  1 ,6  and 7 - p o s i t i o n s  i n  y i e l d s  r a n g i n g  from 15% t o  75%. I n  
g e n e r a l ,  t h e  y i e l d s  a r e  b e s t  when t h e  i s o q u i n o l i n e  does  n o t  c o n t a i n  an 
a lk o x y  s u b s t i t u e n t  i n  t h e  6 o r  7 - p o s i t i o n .
E l e c t r o c h e m i c a l  O x i d a t i o n s  o f  I s o q u i n o l i n e s
The e l e c t r o c h e m i c a l  o x i d a t i o n  o f  i s o q u i n o l i n e  d e r i v a t i v e s  f a l l s  
i n t o  two s e c t i o n s ,  namely  t h e  o x i d a t i o n  o f  p h e n o l i c  and n o n p h e n o l i c  
compounds. P h e n o l i c  o x i d a t i o n  i s  an i m p o r t a n t  f i e l d  i n  o r g a n i c  c h e m i s t r y  
and t h e  e l e c t r o c h e m i s t r y  o f  p h e n o l i c  compounds o f t e n  v a r i e s  somewhat t o  
t h e  t y p e s  p r e v i o u s l y  e n c o u n t e r e d .  Phe n o l s  a r e  v e r y  e a s i l y  o x i d i s e d  and 
t h u s  i n t e r m o l e c u l a r  c o u p l i n g  i s  v e r y  f a c i l e ,  so much so t h a t  i o n i s a t i o n
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i s  p o s s i b l e  i n  aqueous m ed ia .  An example  which  i l l u s t r a t e s  t h i s  i n
p o i n t  i s  t h e  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  c o r y p a l l i n e  (98 )  which y i e l d s
73t h e  dimer  (99)  a t  v e r y  low anode p o t e n t i a l  . By c o n t r a s t  t h e
m e t h y l e n e d i o x y  a n a lo g u e  (100)  f a i l s  t o  e n t e r  i n t o  any c o u p l i n g  r e a c t i o n s
74under  s i m i l a r  r e a c t i o n  c o n d i t i o n s
C H 3 O
NCH3 NCH
(98)  C H 3 N
> C H 3 0
I n  g e n e r a l ,  t e t r a h y d r o i s o q u i n o l i n e s  form s t a b l e  r e d o x  c o u p le s  
under  e l e c t r o c h e m i c a l  c o n d i t i o n s  due t o  i o n i s a t i o n  o f  t h e  n i t r o g e n  lone  
p a i r  e l e c t r o n s .
I n  t h i s  t h e s i s  a l l  t h e  i s o q u i n o l i n e  d e r i v a t i v e s  s t u d i e d  were 
n o n p h e n o l i c  and c o n t a i n e d  t h e  3 , 4 - d i m e t h o x y p h e n y l  group  which  was 
o x i d i s e d  a t  a p o t e n t i a l  o f  a p p r o x i m a t e l y  + 1 .2  v o l t s  r e l a t i v e  t o  t h e  
SCE.
The most  w i d e l y  s t u d i e d  n o n p h e n o l i c  a n o d ic  o x i d a t i o n  i n  t h e  i s o ­
q u i n o l i n e  f i e l d  i s  t h e  r e a c t i o n  o f  l a n d a n o s i n e  (101)  t o  g i v e  t h e
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m orph in a n d ie n o n e  a l k a l o i d  0 - m e t h y l f l a v i n a n t i n e  (102) 75
C H 3 0
CH3O




E l e c t r o l y s i s  o f  t h e  4 - b e n z y l  i somer  a s  i t s  h y d r o c h l o r i d e  s a l t  
(103)  gave an o x i d i s e d  p r o d u c t  ( 1 0 4 ) ^ ^  b u t  no c o u p l i n g  o c c u r r e d .
CH30 + N C H 3
CHnO 
C H 3 0
(103) (104)
S i m i l a r l y  a n o d ic  o x i d a t i o n  o f  t h e  1 - p h e n e t h y l t e t r a h y d r o i s o q u i n o l i n e  
(105)  gave r i s e  t o  t h e  t e t r a c y c l e  ( 1 0 6 ) ^ ^ .  T h i s  p r o d u c t  was u n e x p e c t e d ;  
i t  h a d  be e n  a n t i c i p a t e d  t h a t  t h e  o x i d a t i o n  would g i v e  r i s e  t o  t h e  a n d r o -  
cymbine d e r i v a t i v e  (107)  by a  s p i r o d i e n o n e  r o u t e  a n a lo g o u s  t o  t h a t  f o r  
l a n d a n o s i n e .
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O x i d a t i o n  o f  t h e  r a e t h o p e r c h l o r a t e  s a l t  (108)  o f  (105)  a l s o  f a i l e d  t o  
g iv e  a s p i r o d i e n o n e ,  t h e  de hydrod im er  (109)  b e i n g  t h e  o n l y  i s o l a t e d  
p r o d u c t .
C H 3 0
CH3O
C H 3 O






E x a m in a t io n  o f  t h e  s t r u c t u r e  o f  l a n d a n o s i n e  (101)  r e v e a l s  t h a t
i t  c o n t a i n s  t h e  t e t r a m e t h o x y b i b e n z y l  f r a g m e n t .  I t  was o r i g i n a l l y
assumed t h a t  a s i m i l a r  mechanism a p p l i e d  t o  t h e  o x i d a t i o n  o f  l a n d a n o s i n e
( 1 0 1 ) and t h e  b i b e n z y l ( l ) ^ ^ ,  namely o x i d a t i o n  o f  one o f  t h e  d im e thoxy -
78a r y l  r i n g s  a t  a p p r o x i m a t e l y  + 1 .1  v o l t s .  However ,  i t  h a s  been  shown 
t h a t  0 - m e t h y l f l a v i n a n t i n e  ( 1 0 2 ) i s  formed i n  t h e  same y i e l d  a t  a 
p o t e n t i a l  o f  o n l y  + 0 . 5 5  v o l t s  c o r r e s p o n d i n g  t o  o x i d a t i o n  o f  t h e  t e r t i a r y  
amine f u n c t i o n .  I n  v i e w  o f  t h i s  a mechanism h a s  been  p ro p o se d  (scheme 
7) i n v o l v i n g  a n c h im e r i c  a s s i s t a n c e  by t h e  amine f u n c t i o n  i n  t h e  
a n n é l a t i o n  o f  l a n d a n o s i n e .  A d d i t i o n a l l y  o x i d a t i o n  o f  l a n d a n o s i n e  a t
+ 1,5 v o l t s  was shown t o  y i e l d  u n i d e n t i f i e d  p r o d u c t s  r e s u l t i n g  from
, \
o v e r o x i d  a t i o n .
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OCH O C H .
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A nothe r  p o s s i b l e  mechanism a n a lo g o u s  t o  scheme 3 would i n v o l v e  a
b e n z y l i c  c a t i o n  i n t e r m e d i a t e  ( 1 1 0 ) .  T h i s  however ,  h a s  been  d i s p r o v e d  
79by M i l l e r  who d e m o n s t r a t e d  r e t e n t i o n  o f  c o n f i g u r a t i o n  and 95% 






A s p i r o d i e n o n e  p r o d u c t  (113)  was a l s o  found t o  r e s u l t  f rom t h e
e l e c t r o c h e m i c a l  o x i d a t i o n  o f  t h e  b r i d g e d  e t h e r  d e r i v a t i v e  o f  r e t i c u l i n e  
80(112)  . However ,  due t o  s t e r i c  r e s t r i c t i o n  be tw een  t h e  two a r o m a t i c
r i n g s  t h i s  was t h e  minor  p r o d u c t ,  t h e  m a jo r  component b e i n g  th e  
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The Use o f  Chemical  O x i d a n t s  i n  C o u p l in g  R e a c t i o n s
I n  t h e  p a s t  few y e a r s  t h e r e  h a s  been  an u p s u rg e  i n  t h e  use  o f
c h e m i c a l  e l e c t r o n  t r a n s f e r  r e a g e n t s  t o  e f f e c t  non p h e n o l i c  o x i d a t i v e
c o u p l i n g  o f  a r y l  s y s t e m s .  The two most  i m p o r t a n t  r e a g e n t s  t o  have
emerged a r e  vanadium (V) o x y f l u o r i d e  and t h a l l i u m  ( I I I )  t r i f l u o r o -
a c e t a t e .  These  r e a g e n t s  can  a c t  a s  one e l e c t r o n  o x i d a n t s  and so mimic
a n o d ic  r e a c t i o n s  by t h e  g e n e r a t i o n  o f  r a d i c a l  c a t i o n s .
An example o f  t h e  u se  o f  vanadium o x y f l u o r i d e  i s  t h e  o x i d a t i o n
o f  l a n d a n o s i n e  (101)  t o  g l a u c i n e  (115)  i n  t r i f l u o r o a c e t i c  a c i d  (TFA)
81
V'La a  morph in a n d i e n o n e  i n t e r m e d i a t e  (scheme 8 ) .  I t  w i l l  be r e c a l l e d  
t h a t  t h e  m o rp h in a n d ie n o n e  ( 1 0 2 ) was t h e  e l e c t r o c h e m i c a l  p r o d u c t  i n  an 
a n a lo g o u s  r e a c t i o n  b u t  h e r e  t h i s  i s  f u r t h e r  o x i d i s e d  by t h e  c h e m ic a l  
r e a g e n t .
S i m i l a r l y ,  o x i d a t i o n  o f  t h e  1 - p h e n e t h y l t e t r a h y d r o i s o q u i n o l i n e
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The use  o f  t h a l l i u m  t r i f l u o r o a c e t a t e  (TTFA) p r e s e n t s  a problem
83i n  so  f a r  a s  m e t a l a t i o n  o f  an  a r y l  r i n g  and o x i d a t i o n  t o  t h e  r a d i c a l  
c a t i o n  a r e  c om pe t ing  r e a c t i o n s  (scheme 9 ) .
Scheme 9
TTFA .  
- e  -CF3 COOH
TKCFqCOO)'
For  a r y l  r i n g s  w i t h  low o x i d a t i o n  p o t e n t i a l s ,  such  a s  d im e th  - 
oxyphenyl  r i n g s ,  t h e  one e l e c t r o n  o x i d a t i o n  p r e d o m i n a t e s  and m e t a l  a t i o n  
i s  a minor  e v e n t ,  b u t  t h e  m e t a l a t i o n  r e a c t i o n  h a s  been  used  i n  t h e  
s y n t h e s i s  o f  a r y l  i o d i d e s  (scheme 1 0 ) ^ ^ .
Scheme 10
T K C F ^ C 0 0 ) 2
+ 2KI ------ >   >
More r e c e n t l y  t h e  one e l e c t r o n  r e a c t i o n  h a s  been  a p p l i e d  t o  t h e  
85s y n t h e s i s  o f  b i a r y l s  and i n t r a m o l e c u l a r  o x i d a t i v e  c o u p l i n g  r e a c t i o n s .  
Many o f  t h e  r e a c t i o n s  ha ve  been  c a r r i e d  ou t  on p h e n o l i c  s u b s t r a t e s  and 
i n  t h e s e  c a s e s  t h e  phenoxonium io n  p l a y s  an i m p o r t a n t  r o l e  i n  t h e  p r e ­
sumed m e c h a n i s t i c  s e q u e n c e .  However ,  TTFA can  a l s o  be a p p l i e d  t o  
c o u p l i n g  r e a c t i o n s  on non p h e n o l i c  s u b s t r a t e s .  Fo r  exam ple ,  t r e a t m e n t  
o f  t h e  1 - b e n z y l t e t r a h y d r o i s o q u i n o l i n e  (117)  w i t h  TTFA i n  a c e t o n i t r i l e
56
and c a rb o n  t e t r a c h l o r i d e  a t  -40  i n  t h e  p r e s e n c e  o f  a c a t a l y t i c  amount 






C H 3 0 ‘̂ ^  (118)
OCH 3
Aga in ,  t r e a t m e n t  o f  t h e  1 - p h e n e t h y l t e t r a h y d r o i s o q u i n o l i n e  (119)  
w i t h  TTFA i n  t r i f l u o r o a c e t i c  a c i d  and d i c h l o r o m e t h a n e  gave 0 - m e t h y l -
0 7
k r e y s i g i n e  ( 1 2 0 )
NCH3
C H 3 O
CH30
CH 3 O
C H 3 O
C H 3 0 ‘^ ~ ^ 0 C H 3  
OCH3
OCH3
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  TTFA a l s o  e f f e c t e d  t h e  o x i d a t i o n  
o f  t e t r a m e t h o x y b i b e n z y l  (1 )  t o  t e t r a m e t h o x y p h e n a n t h r e n e  (3 )  by a r o u t e  
a n a lo g o u s  t o  t h e  a n o d ic  o x i d a t i o n .
Ano the r  o x i d a n t  which  h a s  been  used  i n  c o u p l i n g  r e a c t i o n s  i s  
p a l l a d i u m  ( I I ) a c e t a t e .  The mechanism w i t h  t h i s  r e a g e n t  i n v o l v e s  
p a l l a d a t i o n  o f  an a r o m a t i c  r i n g  t o  form a u - c o m p le x .  I n  t h e  c a s e  o f  
t h a l l a t i o n  w i t h  TTFA, t h e  o -com plex  i s  s t a b l e  and can  be i s o l a t e d ,  bu t  
t h e  c o r r e s p o n d i n g  p a l l a d i u m  complex i s  u n s t a b l e  and i s  e a s i l y  decomposed
57
t o  g iv e  b i a r y l  f o r m a t i o n  o r  i n t r a m o l e c u l a r  c o u p l i n g  i n  a c o n c e r t e d  
88mechanism . The f i r s t  use  o f  p a l l a d i u m  a c e t a t e  was t h e  s y n t h e s i s  o f







-A c OH 
Q P d O A c
CT -com plex
The f i r s t  r e p o r t e d  i n t r a m o l e c u l a r  r e a c t i o n s  were  t h e  s y n t h e s e s  o f
90h e t e r o c y c l e s  f rom a r y l  a l k e n e s  . F o r  exam ple ,  t h e  enamine (121)  was 




91E b e r so n  found t h a t  p a l l a d i u m  a c e t a t e  e f f e c t e d  t h e  c y c l i s a t i o n  
o f  d i p h e n y l  e t h e r  (123,  X=0) t o  d i b e n z o f u r a n  (124 ,  X=0),  d i p h e n y la m in e  
(1 23 ,  X=NH) t o  c a r b a z o l e  (124 ,  X=NH), and benzophenone  (123,X=CO) t o  




T his  r e a c t i o n  h a s  been  a p p l i e d  t o  t h e  s y n t h e s i s  o f  t h e  pharma­
c o l o g i c a l l y  a c t i v e  i n d o l e  a l k a l o i d  e l l i p t i c i n e  (126)  f rom t h e  
92d i a r y l a m i n e  (125)  and I t a h a r a  h a s  c a r r i e d  o u t  p a l l a d i u m  a c e t a t e
promoted  c o u p l i n g  r e a c t i o n s  on b e n z o y l i n d o l e s . Thus t r e a t m e n t  o f
3 - b e n z o y l - 1 - m e t h y l i n d o l e  (127)  w i t h  p a l l a d i u m  a c e t a t e  i n  b o i l i n g  a c e t i c
93a c i d  gave t h e  compound (128)
H CHo
I f  t h e  2 - p o s i t i o n  was b l o c k e d  a s  i n  compound (129)  t h e n  t h e







T r e a tm e n t  o f  1 - b e n z o y l i n d o l e  (131)  w i t h  p a l l a d i u m  a c e t a t e  gave
9 4
t h e  t e t r a c y c l i c  compound (132)
»
(131) (132)
I n  t h i s  t h e s i s  s e l e c t e d  c h e m i c a l  r e a c t i o n s  have  been  c a r r i e d  ou t  
w i t h  p a l l a d i u m  a c e t a t e  and t h a l l i u m  t r i f l u o r o a c e t a t e  and compared w i t h  
t h e  r e s u l t s  f rom a n o d ic  o x i d a t i o n s .
60
DISCUSSION
I t  was n o t e d  i n  t h e  i n t r o d u c t i o n  t o  t h i s  t h e s i s  t h a t  a nod ic
o x i d a t i o n  o f  3 , 3 ' , 4 , 4 ' - t e t r a m e t h o x y b i b e n z y l  ( 1 ) g i v e s  r i s e  t o  t h e
p h e n a n t h r e n e  ( 3 ) ,  and t h a t  t h e r e  e x i s t s  t h e  p o s s i b i l i t y  o f  a  mechanism
i n v o l v i n g  " b e n z y l i c  c a t i o n s "  (133)  as  i n t e r m e d i a t e s  (scheme 1 2 ) .  I f
t h e  e l e c t r o l y s i s  i s  c a r r i e d  o u t  w i t h  2 0 % t r i f l u o r o a c e t i c  a c i d  i n
d i c h l o r o m e t h a n e  as  e l e c t r o l y t e ,  p h e n a n t h r e n e  (3)  i s  formed in
q u a n t i t a t i v e  y i e l d ^ .  I f  t h e  e l e c t r o l y t e  used  i s  0 . 1  M sodium
p e r c h l o r a t e  i n  d r y  a c e t o n i t r i l e  t h e n  t h e  y i e l d  o f  p h e n a n th r e n e  (3)
2
i s  lower and most  o f  t h e  b i b e n z y l  (1 )  i s  r e t u r n e d  unchanged  . I n  t h i s
mechanism t h e  f o r m a t i o n  o f  t h e  i n t e r m e d i a t e  d i h y d r o p h e n a n t h r e n e  ( 2 )
f rom t h e  c a t i o n  (133)  i n v o l v e s  t h e  a b s t r a c t i o n  o f  a p r o t o n  from th e
e l e c t r o l y t e ,  e i t h e r  f rom t r i f l u o r o a c e t i c  a c i d  or  f rom w a t e r  which i s
-2  -3known t o  be p r e s e n t  t o  t h e  e x t e n t  o f  1 0  mol .dm. i n  " d r y "  a c e t o ­
n i t r i l e .  I f  t h e  e l e c t r o l y t e  c o n t a i n e d  n o t  p r o t o n s  b u t  d o u t e r o n s  i n  
t h e  form o f  d e u t e r o t r i f l u o r o a c e t i c  a c i d  o r  d e u t e r i u m  o x i d e  and i f  t h e  
p o s t u l a t e d  mechanism was v a l i d  t h e n  t h e  d i h y d r o p h e n a n t h r e n e  (134)  
formed would c o n t a i n  a  d e u t e r i u m  atom. Even i f  ove r  o x i d a t i o n  t o  t h e  
p h e n a n th r e n e  c a n n o t  be p r e v e n t e d  t h i s  i n c o r p o r a t i o n  s h o u l d  s t i l l  be 
r e c o g n i s e d  s i n c e  o p e r a t i o n  o f  t h e  i s o t o p e  e f f e c t  s h o u ld  f a v o u r  t h e  
f o r m a t i o n  o f  t h e  9 - d e u t e r o p h e n a n t h r e n e  ( 1 3 5 ) .
As an e a r l y  i n t r o d u c t i o n  t o  e l e c t r o - o r g a n i c  c h e m i s t r y  an 
e l e c t r o l y s i s  o f  t h e  b i b e n z y l  ( 1 ) was c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  
d e u t e r a t e d  s o l v e n t s  i n  an a t t e m p t  t o  v a l i d a t e  t h e  p ro p o se d  mechanism 
and we c o n s i d e r e d  t h a t  t h e  p r e s e n c e  o f  d e u t e r i u m  atoms i n  t h e  p r o d u c t  
would be c l e a r l y  shown by mass s p e c t r o m e t r y .  Aga in ,  on t h e  p r a c t i c a l  
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been  e x t r a v a g a n t  and so " s u p e r d r y "  a c e t o n i t r i l e  was p r e p a r e d  and
- 2  -3
" w e t t e d "  t o  t h e  e x t e n t  o f  10 mol.dm. w i t h  d e u t e r i u m  o x i d e .  As 
u s u a l  anhydrous  sodium p e r c h l o r a t e  was t h e  s u p p o r t i n g  e l e c t r o l y t e .
P r e p a r a t i o n  o f  t h e  E l e c t r o l y t e
The a c e t o n i t r i l e  u s u a l l y  used  f o r  e l e c t r o c h e m i c a l  o x i d a t i o n s  
i s  d i s t i l l e d  from p hospho rus  p e n t o x i d e  and c o n t a i n s  t r a c e  amounts  o f  
w a t e r ;  f o r  t h i s  work " s u p e r d r y "  a c e t o n i t r i l e  was p r e p a r e d  by d i s t i l l i n g  
t h e  s o l v e n t  t w i c e  from p hospho rus  p e n t o x i d e  o n to  a c t i v a t e d  m o l e c u l a r  
s i e v e s .  The w a t e r  c o n t e n t  a f t e r  t h i s  t r e a t m e n t  i s  r e p o r t e d  t o  be l e s s  
t h a n  1  ppm .
P r e p a r a t i o n  o f  3 , 3 4 , 4 ' - T e t r a m e t h o x y b i b e n z y l  (1 )
A l though  t h e  c l a s s i c a l  r o u t e  t o  b i b e n z y l  (1 )  i s  t h e  t r e a t m e n t  o f  
v è r a t r o l e  (136)  w i t h  c h l o r a l  h y d r a t e  f o l l o w e d  by h e a t i n g  w i t h  z i n c  t o  
g iv e  t h e  s t i l b e n e  (137)  which can  be c a t a l y t i c a l l y  r e d u c e d  t o  t h e  
b i b e n z y l  ( 1 ) ^ ,  i n  our  hands  t h i s  a pp roa c h  was u n s a t i s f a c t o r y  and t h e  
y i e l d  o f  p r o d u c t  was o n l y  3%. A f t e r  t h r e e  a t t e m p t s  we d e c i d e d  t h a t  
r a t h e r  t h a n  i n v e s t  v a l u a b l e  t im e  i n v e s t i g a t i n g  t h i s  p rob lem  we s h o u ld  
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( 1 3 7 )
A more g e n e r a l  s y n t h e s i s  o f  s t i l b e n e s  i s  t h e  r e a c t i o n  o f  a 
b e n z y l  magnesium bromide  w i t h  an a r o m a t i c  a ld e h y d e  t o  g i v e  an  a l c o h o l ,  
f o l l o w e d  by d e h y d r a t i o n  o f  t h e  a l c o h o l  t o  t h e  s t i l b e n e  (scheme 1 3 ) .
Scheme 13
65
.|CH2M gBr ^  CHO
H V H 2 O
T h is  method c a n n o t  be a p p l i e d  t o  t h e  r e q u i r e d  s t i l b e n e  (137)  
s i n c e  a l l  a t t e m p t s  t o  p r e p a r e  3 ,4 - d im e th o x y b e n z y lm a g n e s iu m  bromide 




Another  p o s s i b l e  s y n t h e t i c  r o u t e  t o  s t i l b e n e  (137)  i s  the  
r e a c t i o n  o f  3 ,4 - d im e thoxyphe ny lm a gne s ium  bromide  (139)  w i t h  
3 , 4 - d i m e t h o x y p h e n y l a c e t a l d e h y d e  ( 1 4 0 ) .  However ,  t h i s  a ldehyde  (140)  
i s  e x p e n s i v e  and t h e  r o u t e  was n o t  i n v e s t i g a t e d  f o r  t h i s  r e a s o n .
(1 3 9 )
C H a O [ ^ ^ C H 2 C H O
( 1 4 0 )
CH 3 O
(141)
A more a t t r a c t i v e  r o u t e  t o  b i b e n z y l  (1 )  i s  t h e  r e d u c t i o n  o f  
3 , 3 ’ , 4 , 4 ' - d im e th o x y d e o x y b e n z o i n  (143)  which i s  p r e p a r e d  by F r i e d e l -  
C r a f t s  a c y l a t i o n  o f  v e r a t r o l e  (136)  w i t h  3 , 4 - d i m e t h o x y p h e n y l a c e t y l  
c h l o r i d e  ( 1 4 2 ) ^ .
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C H s O k J J
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^ 0 C H 3
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( 1 3 6 )
C H 3 O
(1 4 3  )
D i r e c t  r e d u c t i o n  o f  ( 143 )  t o  b i b e n z y l  (1 )  by a W o l f f - K i s h n e r  
r e a c t i o n ^  was u n s u c c e s s f u l  and so  t h e  s t i l b e n e  (137)  was p r e p a r e d  by 
r e d u c t i o n  o f  t h e  k e t o n e  ( 143 )  t o  t h e  a l c o h o l  ( 1 4 1 ) ,  f o l l o w e d  by 
d e h y d r a t i o n ^ .  The s t i l b e n e  (137)  was t h e n  r e d u c e d  c a t a l y t i c a l l y  t o  











P d , H 2
( 1  ) ( 1 3 7 )
The c y c l i c  vol tammogram ( f i g u r e  10) o f  b i b e n z y l  ( 1 )  shows an 
o x i d a t i o n  peak  a t  + 0 . 9 5  v o l t s  c o r r e s p o n d i n g  t o  t h e  i n i t i a l  i o n i s a t i o n  
which  l e a d s  t o  t h e  d i h y d r o p h e n a n t h r e n e  ( 2 ) .  On s u b s e q u e n t  sweeps a 
s e c o n d a r y  o x i d a t i o n  peak  i s  o b s e r v e d  a t  + 0 . 5 5  v o l t s  c o r r e s p o n d i n g  t o  
o x i d a t i o n  t o  t h e  p h e n a n t h r e n e  ( 3 ) .
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F igu re 10
C y c l i c  Voltammogram o f  3 , 3 * , 4 , 4 * - T e t r a m e t h o x y b i b e n z y l  (1)
volts 0
Anodic O x i d a t i o n  o f  3 , 3 ' , 4 , 4 ' - T e t r a m e t h o x y b i b e n z y l  (1)
The b i b e n z y l  (1 )  was e l e c t r o l y s e d  i n  0 . 1  M sodium p e r c h l o r a t e  i n  
d r y  a c e t o n i t r i l e . Work-up o f  t h e  a n o l y t e  gave t h e  p h e n a n t h r e n e  (3 )  
t o g e t h e r  w i t h  unchanged  s u b s t r a t e  ( 1 ) .  The e l e c t r o l y s i s  was t h e n  
r e p e a t e d  i n  t h e  d e u t e r i u m - c o n t a i n i n g  e l e c t r o l y t e  and worked-up  i n  t h e  
u s u a l  way. The mass s p e c t r u m  o f  t h e  p r o d u c t s  was i d e n t i c a l  t o  t h a t  o f  
t h e  p r o d u c t s  f o r  t h e  no rmal  s o l v e n t  s y s te m  and t h e r e  was no e v i d e n c e  
f o r  t h e  i n c o r p o r a t i o n  o f  d e u t e r i u m  atoms i n  t h e  p r o d u c t  ( 3 ) .
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From t h i s  i t  was c o n c lu d e d  t h a t  t h e  " b e n z y l i c  c a t i o n "  mechanism 
(scheme 1 2 ) does n o t  a p p l y  t o  t h e  a n o d ic  o x i d a t i o n  o f  3 , 3 ' , 4 , 4 ' - t e t r a ­
m e t h o x y b ib e n z y l  ( 1 ) .
Chemica l  and E l e c t r o c h e m i c a l  O x i d a t i o n  o f  I n d o l e s
The s t a r t i n g  p o i n t  f o r  our  work on i n d o l e s  was t h e  an o d ic  
o x i d a t i o n  o f  3 - ( 3 , 4 - d i m e t h o x y p h e n y l p r o p a n o y l )  i n d o l e  ( 7 4 ) .  I t  had
g
o r i g i n a l l y  been  assumed t h a t  t h e  o x i d a t i o n  p r o d u c t  was t h e  qu inone  
( 7 6 ) ,  b u t  q u a l i t a t i v e  c h e m i c a l  t e s t s  c a s t  doub t  upon t h e  p roposed
9
s t r u c t u r e  . D i f f i c u l t i e s  were e x p e r i e n c e d  i n  h a n d l i n g  t h i s  compound 
s i n c e  i t  was found t o  be l i g h t  s e n s i t i v e ,  and i t  c o u ld  n o t  be p u r i f i e d  
by column c h ro m a to g r a p h y .  The i n i t i a l  s t e p  i n  t h e  o x i d a t i o q  mechanism 
i s  i o n i s a t i o n  o f  t h e  d im e th o x y p h e n y l  r i n g  t o  form a r a d i c a l  c a t i o n .  
T h i s  t h e n  a t t a c k s  t h e  i n d o l e  r i n g  a t  t h e  3 - p o s i t i o n  fo rm in g  a s i x -  
membered r i n g  i n  t h e  s p i r o - i n t e r m e d i a t e  ( 1 4 4 ) .  I t  was n o t e d ^ ^  t h a t  
t h e  lower homologue (73)  o f  (74 )  f a i l s  t o  unde rgo  an i n t r a m o l e c u l a r  
a n o d ic  c o u p l i n g  r e a c t i o n .  These  r e s u l t s  may be e x p l a i n e d  by a p p l i c a ­
t i o n  o f  t h e  "Baldwin  R u l e s " .  ^ ^ F o rm a t io n  o f  (144)  i s  a f a v o u r e d  
6 - E n d o - T r i g  p r o c e s s ,  w h e re as  f o r m a t i o n  o f  t h e  f ive -m em bered  r i n g  i n  
s p i r o - i n t e r m e d i a t e  (145)  i s  a 5 - E n d o - T r i g  p r o c e s s  and i s  d i s f a v o u r e d .  
The Baldwin R u le s  a r e  now r e g a r d e d  m e r e l y  as  g u i d e l i n e s  b e c a u s e  many 
examples  have  been  r e c o r d e d  o f  t h e  o c c u r r e n c e  o f  d i s f a v o u r e d  r e a c t i o n s  
However ,  t h e  " R u l e s "  do s e r v e  h e r e  t o  o f f e r  an e x p l a n a t i o n  f o r  t h e  
d i f f e r i n g  e l e c t r o c h e m i c a l  r e a c t i v i t i e s  o f  t h e s e  two i n d o l e  d e r i v a t i v e s  
which  a r e  v e r y  d i f f i c u l t  t o  i n t e r p r e t  by o t h e r  means.
The s p i r o - i n t e r m e d i a t e  (144)  may now r e a r r a n g e  i n  one o f  two 
ways,  b u t  t h e  c a t i o n  (146)  l e a d i n g  t o  qu inone  ( 7 6 ) ,  formed by c l e a v a g e
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o f  t h e  bond e x o c y c l i c  t o  t h e  d im e thoxyphe ny l  r i n g  i s  l e s s  l i k e l y  t h a n  
t h e  a l t e r n a t i v e  io n  (147)  s i n c e  i t  i n v o l v e s  a d e v e l o p i n g  p o s i t i v e  
c h a rg e  a d j a c e n t  t o  a  c a r b o n y l  g r o u p .  Thus r e a r r a n g e m e n t  o f  (144)  by 
m i g r a t i o n  o f  t h e  c a r b o n y l  g roup  would seem t o  be t h e  more f a v o u r e d  
p r o c e s s ,  and t h i s  would e v e n t u a l l y  l e a d  t o  qu inone  (148)  by f u r t h e r  
o x i d a t i o n .
The f o r m a t i o n  o f  t h e  qu inone  from t h e  d im e th o x y p h e n y l  r i n g  i s  
assumed t o  be a n o t h e r  e l e c t r o c h e m i c a l  p r o c e s s  (scheme 14 ) .  ( I n  
t h e  r e a c t i o n  4 F a r a d a y s  o f  c h a r g e  pe r  m o l e c u l a r  e q u i v a l e n t  o f  s u b s t r a t e  
(74 )  a r e  consum ed . )  A r a d i c a l  c a t i o n  i s  a g a i n  formed from t h e  
d im e th o x y p h e n y l  r i n g  and t h i s  u n d e rg o e s  a t t a c k  by w a t e r  w i t h  s u b s e q u e n t  
l o s s  o f  m e t h a n o l .  R e p e t i t i o n  o f  t h i s  p r o c e s s  r e s u l t s  i n  t h e  qu inone  
( 1 4 8 ) .  The a b s e n c e  o f  t h e  qu inone  s t r u c t u r e  in  t h e  f i n a l  e l e c t r o l y s i s  
p r o d u c t  s u g g e s t e d  by t h e  c h e m i c a l  t e s t s  i s  a c c o u n t e d  f o r  by 
t a u t o m e r i s m  o f  (148)  t o  t h e  c h e l a t e d  e n o l  ( 7 7 ) .  The s t r u c t u r e  o f  t h i s  
f i n a l  p r o d u c t  r e s t s  on s p e c t r o s c o p i c  and a n a l y t i c a l  d a t a ;  i t  i s  
s u p p o r t e d  by r e a s o n e d  a rg u m e n t s ,  b u t  a more s t r i n g e n t  p r o o f  o f  i d e n t i t y  
i s  n e e d e d ,  t h u s  we s e t  o u t  t o  r e p e a t  t h e s e  e x p e r i m e n t s  and t o  e f f e c t
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o t h e r  s t u d i e s  which  we f e l t  would c o n f i r m  th e  e a r l i e r  c o n c l u s i o n s .  
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The c y c l i c  vol tammogram o f  (74 )  shows an i n i t i a l  o x i d a t i o n  peak  
a t  + 1 .2 5  v o l t s .  On s u b s e q u e n t  sweeps a s e c o n d a r y  peak  i s  s e en  a t  
+ 0 . 9  v o l t s  c o r r e s p o n d i n g  t o  t h e  o x i d a t i v e  p r o c e s s  l e a d i n g  t o  f o r m a t i o n  
o f  t h e  qu inone  ( f i g u r e  1 1 ) .
F i g u r e  11
C y c l i c  Voltammogram o f  3 - ( 3 ,4 - D i m e t h o x y p h e n y l p r o p a n o y l )  i n d o l e  (74)
volts
3 - ( 3 ,4 - D i m e t h o x y p h e n y l p r o p a n o y l )  i n d o l e  (74)  was s y n t h e s i s e d  by 
t h e  r e a c t i o n  o f  i n d o l e  magnesium bromide  (41 )  w i t h  3 , 4 - d im e th o x y p h e n y l ­
p r o p a n o y l  c h l o r i d e  ( 1 4 9 ) .  The c o n d e n s a t i o n  o f  3 , 4 -d im e th o x y b d n z a ld e h y d e  
(150)  w i t h  m a l o n ic  a c i d  (151)  gave r i s e  t o  3 ,4 -d im e thoxyc inna i j i i c  a c i d  
(152)  which  was c a t a l y t i c a l l y  r e d u c e d  t o  3 , 4 - d i m e t h o x y p h e n y l p r o p a n o i c  
a c i d  ( 1 5 3 ) .  T r e a t m e n t  o f  t h e  a c i d  (153)  w i t h  t h i o n y l  c h l o r i d e  gave 
t h e  r e q u i r e d  a c i d  c h l o r i d e  ( 1 4 9 ) .
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I n  an a t t e m p t  t o  e s t a b l i s h  t h e  t r u e  s t r u c t u r e  o f  t h e  o x i d a t i o n  
p r o d u c t  o f  (74)  t h e  2 - a c y l i n d o l e  (154)  was s y n t h e s i s e d .  I t  was t h o u g h t  
t h a t  a n o d ic  o x i d a t i o n  o f  t h i s  i somer  o f  (74 )  would g i v e  a r a d i c a l  
c a t i o n  which would c y c l i s e  d i r e c t l y  t o  t h e  3 - p o s i t i o n  o f  t h e  i n d o l e  
r i n g  l e a d i n g  unam biguous ly  t o  t h e  qu inone  e n o l  (77 )  (scheme 1 5 ) .  Th i s  
r e a c t i o n  would i n v o l v e  a 7 - E n d o - T r i g  p r o c e s s  which  i s  f a v o u r e d  and i t  
i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  homologue (155)  o f  (154 )  s h o u ld  u n d e r ­
go a f a v o u r e d  6 - E n d o - T r i g  p r o c e s s  t o  g i v e  s t r u c t u r e  ( 1 5 6 ) .  A p o s i t i v e  
r e s u l t  o f  t h i s  k i n d  would p r o v i d e  e x t r a  s u p p o r t  f o r  ou r  g e n e r a l  t h e s i s  
o f  t h e  f a c t o r s  t h a t  c o n t r o l  c y c l i s a t i o n s  i n  t h i s  a r e a .
The s y n t h e s i s  o f  2 - ( 3 , 4 - d i m e t h o x y p h e n y l p r o p a n o y l )  i n d o l e  (154)  
p roved  t o  be u n e x p e c t e d l y  d i f f i c u l t  and much t ime  was d e v o te d  t o
f i n d i n g  a s u i t a b l e  r o u t e  t o  t h i s  compound. The f i r s t  s y n t h e t i c  r o u t e
12t r i e d  was t h e  t r e a t m e n t  o f  a 2 - l i t h i o i n d o l e  w i t h  a c i d  c h l o r i d e  ( 1 4 9 ) .
A s u i t a b l e  p r o t e c t i n g  g roup  f o r  t h e  i n d o l i c  n i t r o g e n  i s  be n z e n e -  
13s u l p h o n y l  , t h e  a d v a n ta g e  o f  t h i s  group  b e i n g  t h a t  i t  i s  r e a d i l y
14h y d r o l y s e d  a t  t h e  end o f  t h e  r e a c t i o n  s e q u en c e  under  m i l d  c o n d i t i o n s  
B e n z e n e s u l p h o n y l i n d o l e  (157)  was p r e p a r e d  by t r e a t m e n t  o f  i n d o l e  (13)  
w i t h  b e n z e n e s u l p h o n y l  c h l o r i d e  i n  d i m e t h y l s u l p h o x i d e  w i t h  p o t a s s i u m  
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The p r o t e c t e d  i n d o l é  (157)  was h e a t e d  under  r e f l u x  f o r  s e ven
12h o u r s  w i t h  n - b u t y l l i t h i u m  and t o  i t  was added t h e  a c i d  c h l o r i d e  (1 4 9 ) .  
On work -up  a gum was o b t a i n e d .  T r i t u r a t i o n  o f  t h e  gum w i t h  m e th a n o l  
gave a s m a l l  amount (20%) o f  a c r y s t a l l i n e  compound which  p roved  t o  be 
1 , 1 - b i s ( b e n z e n e s u l p h o n y l ) b u t a n e  ( 1 5 8 ) .  P r o lo n g e d  h e a t i n g  w i t h  
b u t y l l i t h i u m  o b v i o u s l y  c l e a v e d  t h e  b e n z e n e s u lp h o n y l  p r o t e c t i n g  g roup  
(scheme 1 6 ) .  F u r t h e r  work-up  o f  t h e  gum f a i l e d  t o  y i e l d  any o t h e r  
p r o d u c t s .
12S h i r l e y  and R o u s s e l  r e p o r t  t h a t  i t  i s  n e c e s s a r y  t o  h e a t  
b e n z e n e s u l p h o n y l i n d o l e  (157)  under  r e f l u x  w i t h  b u t y l l i t h i u m  f o r  
m e t a l a t i o n  t o  o c c u r ;  however  J o u l e ^ ^  f i n d s  t h a t  l i t h i a t i o n  o c c u r s  under  
f a r  m i l d e r  c o n d i t i o n s .  The indole!  (157)  was t r e a t e d  w i t h  b u t y l l i t h i u m  
a t  - 7 8 °  and r e a c t i o n  was found t o  be c om ple te  on warming t o  room 
t e m p e r a t u r e .  2 - L i t h i o b e n z e n e s u l p h o n y l i n d o l e  (160)  was p r e p a r e d  i n  t h i s  
f a s h i o n  and t r e a t e d  w i t h  t h e  a c i d  c h l o r i d e  ( 1 4 9 ) ,  b u t  o n l y  an i n t r a c t ­
a b l e  gum was o b t a i n e d  on w ork -up .
Acid c h l o r i d e  (149)  i s  u n s t a b l e  and i s  g e n e r a l l y  used  im m e d i a t e l y  
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(158)
t h a t  t h e  f a i l u r e  o f  t h e  above r e a c t i o n  c o u l d  be a t t r i b u t a b l e  t o  t h e  
poor  q u a l i t y  o f  ( 1 4 9 ) .  The c h l o r i d e  (149)  was n e x t  d i s t i l l e d  
( b . p .  166° a t  0 . 7  mm Hg) -under n i t r o g e n  t o  g i v e  a  c o l o u r l e s s  o i l  which 
was s e e n  t o  d i s c o l o u r  w i t h i n  a few h o u r s .  The r e a c t i o n  w i t h  t h e  
l i t h i a t e d  i n d o l e  (160)  was r e p e a t e d  u s i n g  t h e  d i s t i l l e d  a c i d  c h l o r i d e  
(149)  b u t  t h i s  a l s o  l e d  t o  a gum. I t  was t h o u g h t  p o s s i b l e  t h a t  two 
m o l e c u l e s  o f  l i t h i a t e d  r e a g e n t  (160)  were r e a c t i n g  w i t h  one m o le c u le  i 
o f  a c i d  c h l o r i d e  ( 1 4 9 ) ,  and so a r e v e r s e  a d d i t i o n  r e a c t i o n  was c a r r i e d  
o u t .  The l i t h i o i n d o l e  (160)  was p r e p a r e d  and added t o  t h e  a c i d
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c h l o r i d e  ( 1 4 9 ) .  A ga in ,  no p r o d u c t  was fo rm ed ,  and i n  t h i s  e x p e r im e n t
u n r e a c t e d  s t a r t i n g  m a t e r i a l  (157 ,  56%) was r e c o v e r e d  by column chroma-
13t o g r a p h y .  I n  t h e  l i t e r a t u r e  t h e r e  a r e  many examples  o f  s u c c e s s f u l  
p r e p a r a t i o n s  o f  2 - a c y l i n d o l e s  by a d d i n g  a c i d  c h l o r i d e s  t o  2 - l i t h i o i n -  
d o l e s ,  so r e v e r s e  a d d i t i o n  i s  o b v i o u s l y  n o t  n e c e s s a r y .  I n  t h e s e  
r e a c t i o n s  t h e  h i g h e s t  y i e l d s  a r e  r e p o r t e d  u s i n g  a c i d  c h l o r i d e s ;  
however ,  e s t e r s  can  a l s o  be u s e d .  The m e t h y l  e s t e r  (159)  o f
3 , 4 - d i m e t h o x y p h e n y l p r o p a n o i c  a c i d  (153)  i s  a  s t a b l e  c r y s t a l l i n e  s o l i d  
and i s  c o n s e q u e n t l y  much e a s i e r  t o  h a n d l e  t h a n  t h e  a c i d  c h l o r i d e  (149)
CH.O
C H n O
COOCH3
(159)
R e a c t i o n  o f  t h e  e s t e r  (159)  w i t h  2 - l i t h i o b e n z e n e s u l p h o n y l i n d o l e  
(160)  f a i l e d  a g a i n  t o  y i e l d  any p r o d u c t .  I t  was t h o u g h t  p o s s i b l e  t h a t  
t h e  l i t h i a t i o n  p r o c e d u r e  c o u ld  be a t  f a u l t  and so t h e  t e c h n i q u e  was 
t e s t e d  by p r e p a r i n g  t h e  l i t h i a t e d  r e a g e n t  (160)  i n  t h e  u s u a l  way and 
t h e n  p o u r i n g  i t  o n t o  d r y  i c e .  l - B e n z e n e s u l p h o n y l i n d o l e - 2 - c a r b o x y l i c  
a c i d  (161)  was o b t a i n e d  i n  92% y i e l d  and t h i s  r e s u l t  shows t h a t  t h e  
l i t h i a t i o n  r e a c t i o n  i s  e f f i c i e n t .  Thus t h e  f a u l t  i n  t h e  a c y l a t i o n  
r e a c t i o n  l i e s  e l s e w h e r e .
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I n  v iew  o f  t h i s ,  d i r e c t  a c y l a t i o n  o f  2 - l i t h i o b e n z e n e s u l p h o n y l i n d o l e  
(160)  was abandoned and a new r o u t e  t o  t h e  i n d o l e  (154)  was c o n s i d e r e d  
Corey h a s  used  t h i o a c e t a l  d e r i v a t i v e s  o f  a ld e h y d e s  i n  t h e  s y n t h e s i s  o f  
k e t o n e s  (scheme 1 7 ) ^ ^ .  The 1 , 3 - d i t h i a n e  d e r i v a t i v e  m o d i f i e s  t h e  
c a r b o n y l  group  i n  such  a way t h a t  t h e  c a r b o n  atom beh a v es  as  a 
n u c l e o p h i l e .  Thus t h e  a ld e h y d e  p r o t o n  i s  r e n d e r e d  a c i d i c  by t h e  
f o r m a t i o n  o f  t h e  c y c l i c  t h i o a c e t a l  by r e a c t i o n  w i t h  p r o p a n e - 1 , 3- 
d i t h i o l ^ ^ .  T r e a t m e n t  o f  t h e  d i t h i a n e  w i t h  b u t y l l i t h i u m  f o l l o w e d  by 
a l k y l a t i o n ^ ^  and h y d r o l y s i s ^ ^  g i v e s  k e t o n e s .
Scheme 17
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I t  was p ro p o se d  t h a t  an  N - p r o t e c t e d  i n d o l e - 2 - a l d e h y d e  be made 
and t h e n  c o n v e r t e d  v i a  a d i t h i a n e  d e r i v a t i v e  t o  a 2 - a c y l i n d o l e  
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There  a r e  two main s y n t h e t i c  r o u t e s  t o  i n d o l e - 2 - a l d e h y d e s .  The
19f i r s t  i s  r e d u c t i o n  o f  an  a c i d  c h l o r i d e  (scheme 19) , b u t  a b e t t e r
r o u t e  i s  t h e  f o r m y l a t i o n  o f  a 2 - l i t h i o i n d o l e .  Thus,  t r e a t m e n t  o f
l - m e t h y l - 2 - l i t h i o i n d o l e  w i t h  N - m e t h y l f o r m a n i l i d e  g i v e s
20l - m e t h y l i n d o l e - 2 - a l d e h y d e  (162)
Scheme 19




2 - L i t h i o b e n z e n e s u l p h o n y l i n d o l e  (160)  was p r e p a r e d  a s  b e f o r e ,  
and t r e a t e d  w i t h  N - m e t h y l f o r m a n i l i d e . I n  one e x p e r i m e n t  t h e  r e a c t i o n  
m i x t u r e  was h e a t e d  unde r  r e f l u x  f o r  t h r e e  h o u r s  and i n  a n o t h e r  t h e  
m i x t u r e  was s t i r r e d  f o r  t h i r t y  m i n u t e s  a t  room t e m p e r a t u r e .  I n  b o t h  
c a s e s  work-up gave a d a r k  r e d  i n t r a c t a b l e  t a r  and none o f  t h e  d e s i r e d  
p r o d u c t  was i s o l a t e d .
86
20The l i t e r a t u r e  s y n t h e s i s  o f  l - m e t h y l i n d o l e - 2 - a l d e h y d e  (162)
20was r e p e a t e d  b u t  t h e  y i e l d  o b t a i n e d  was o n l y  3%. The p a t e n t  
recommends t h e  use  o f  a 20% e x c e s s  o f  b u t y l l i t h i u m ,  b u t  i n  t h i s  
e x p e r i m e n t  t h e  e x c e s s  b u t y l l i t h i u m  was found t o  have  r e a c t e d  w i t h  t h e  
p r o d u c t  (162)  g i v i n g  r i s e  t o  t h e  p e n t a n o l  d e r i v a t i v e  ( 1 6 3 ) .  These two 
p r o d u c t s ,  t o g e t h e r  w i t h  s t a r t i n g  m a t e r i a l  were i s o l a t e d  by column 
c h r o m a t o g r a p h y .
C X n Ĵ cho —  ' >  lCjC^':H(0HXCH2)3CH:
CH3 CH3
( 1 6 2 )  (163)
I n  v i ew  o f  t h e  f a c t  t h a t  t h e  r e q u i r e d  a ld e h y d e  c o u l d  n o t  be made 
e f f i c i e n t l y  i n  h i g h  y i e l d ,  t h e  d i t h i a n e  r o u t e  was p u t  a s i d e .
G r i g n a r d  r e a g e n t s  r e a c t  w i t h  e s t e r s  t o  g i v e  k e t o n e s .  The 
G r i g n a r d  r e a g e n t  must  be added  t o  t h e  e s t e r  and n o t  v i c e  v e r s a  t o  
p r e v e n t  t h e  r e a c t i o n  o f  two m o l e c u l e s  o f  G r i g n a r d  r e a g e n t  w i t h  one 
m o le c u le  o f  e s t e r .  I t  was t h o u g h t  t h a t  3 ,4 - d im e th o x y p h e n e th y l m a g n e s iu m  
bromide  (164)  s h o u ld  r e a c t  w i t h  2 - e t h o x y c a r b o n y l i n d o l e  (165)  t o  g iv e  
t h e  r e q u i r e d  k e t o n e  ( 1 5 4 ) .
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( 1 6 5 )
OCH
o c n !
D i e t h y l  o x a l a t e  and 2 - n i t r o t o l u e n e  were c o n d e n se d  i n  e t h e r e a l  
p o t a s s i u m  e t h o x i d e  s o l u t i o n  t o  g i v e  p o t a s s i u m  e t h y l  2 - n i t r o p h e n y l -
21 1p y r u v a t e  (166)  . T h i s  s a l t  u n d e rg o e s  a  s low d e c o m p o s i t i o n  and So i t
22was c a t a l y t i c a l l y  r e d u c e d  t o  2 - e t h o x y c a r b o n y l i n d o l e  (165)  im m e d i a t e l y  
a f t e r  p r e p a r a t i o n .
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2 - ( 3 ,4 -D im e th o x y p h e n y l ) b r o m o e t h a n e  (169)  was p r e p a r e d  by
23r e d u c i n g  m e th y l  3 , 4 - d i m e t h o x y p h e n y l a c e t a t e  (167)  w i t h  l i t h i u m
a lu m in ium  h y d r i d e ,  and t h e n  t r e a t i n g  t h e  a l c o h o l  o b t a i n e d  (168)  w i t h
24p h o s p h o ru s  t r i b r o m i d e
The bromide (169)  was added t o  d r y  magnesium t u r n i n g s  i n  e t h e r
b u t  no r e a c t i o n  was s e e n  t o  o c c u r .  The magnesium f a i l e d  t o  d i s s o l v e
and (169 )  was r e t u r n e d  u nchanged .  The r e a c t i o n  was r e p e a t e d  w i t h
t e t r a h y d r o f u r a n  as  s o l v e n t  b u t  a g a i n  t h e r e  was no r e a c t i o n  even  on
25
h e a t i n g  under  r e f l u x  f o r  s e v e r a l  h o u r s .  E h r l i c h  and Sachs r e p o r t
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a t e c h n i q u e  which i s  o f  u se  i n  i n i t i a t i n g  some d i f f i c u l t  G r i g n a r d  
r e a c t i o n s .  The magnesium t u r n i n g s  a r e  a c t i v a t e d  by t h e  a d d i t i o n  o f  a 
l i t t l e  b rom oe thane ,  t h e n  t h e  l i q u i d  i s  d e c a n t e d  and t h e  bromide  i s  
a d d e d .  T h i s  method was t r i e d  w i t h  ( 1 6 9 ) ,  b u t  a g a i n  t h e r e  was no 
r e a c t i o n .  I n  a l l  t h e s e  r e a c t i o n s  t h e  magnesium and (169)  were  r e t u r n e d  
q u a n t i t a t i v e l y .  G r e a t  c a r e  was t a k e n  t o  e n s u r e  t h a t  t h e  g l a s s w a r e ,  
s o l v e n t s  and r e a g e n t s  were  a l l  s c r u p u l o u s l y  d r y ,  b u t  t h i s  was t o  no 
a v a i l .
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A l i t e r a t u r e  s e a r c h  r e v e a l e d  t h a t  t h e  G r i g n a r d  r e a g e n t  o f
2 62 - p h e n y lb r o m o e th a n e  (170)  i s  known, a s  a r e  t h e  G r i g n a r d  r e a g e n t s
27p r e p a r e d  from 2 - (2 -m e th o x y p h e n y l ) b r o m o e th a n e  (171)  and
282 - ( 4 - m e t h o x y p h e n y l ) b r o m o e th a n e  (172)  . However ,  t h e r e  a r e  no
r e f e r e n c e s  t o  2 - ( 3 - m e t h o x y p h e n y l ) b r o m o e th a n e  (173)  or  t o  




We c a n n o t  a c c o u n t  f o r  t h i s  f a i l u r e  and we were r e l u c t a n t  t o  
concede  d e f e a t  b u t  s i n c e  t h e  f o r m a t i o n  o f  t h e  G r i g n a r d  r e a g e n t  (164)  
p roved  so d i f f i c u l t ,  a t t e m p t s  were made t o  p r e p a r e  t h e  c o r r e s p o n d i n g  




No r e a c t i o n  was o b s e r v e d  be tw een  t h e  bromide  (169)  and l i t h i u m
m e t a l .  The p r e p a r a t i o n  was r e p e a t e d  u s i n g  t h e  method o f  K a i s e r  and
29 :P e t t y  i n  which  b u t y l l i t h i u m  i s  r e a c t e d  w i t h  d i i s o p r o p y l a m i n e  t o
form l i t h i u m  d i i s o p r o p y l a m i d e ,  a s t r o n g  m e t a l a t i n g  a g e n t .  T h i s  r e a g e n t
was t r e a t e d  w i t h  t h e  bromide  (169)  and t h e n  added t o  2 - e t h o x y c a r b o n y l -
i n d o l e  ( 1 6 5 ) .  On work -up  a s o l i d  was o b t a i n e d  which  was shown by
c o m p a r a t i v e  t h i n  l a y e r  c h ro m a to g r a p h y  t o  c o n s i s t  s o l e l y  o f  t h e  two
s t a r t i n g  m a t e r i a l s  (169)  and ( 1 6 5 ) .
BuLi + ( iPr)^NH L i N ( i P r ) 2  +  BuH +
S in c e  n e i t h e r  t h e  G r i g n a r d  r e a g e n t  no r  t h e  o r g a n o l i t h i u m  
d e r i v a t i v e  o f  2 - ( 3 , 4 - d i m e t h o x y p h e n y l ) b r o m o e t h a n e  (169)  c o u l d  be p r e ­
p a r e d ,  t h i s  s y n t h e t i c  r o u t e  t o  t h e  i n d o l e  (154)  was abandoned .
The b e s t - k n o w n  c l a s s i c a l  s y n t h e s i s  o f  i n d o l e  d e r i v a t i v e s  i s  t h e  
F i s c h e r  r e a c t i o n  and we began  t o  c o n s i d e r  t h e  s y n t h e s i s  o f  t h e  r e q u i r e d  
2 - a c y l i n d o l e  (154)  u s i n g  t h i s  m ethod .  B e fo re  t h i s  s y n t h e s i s  was 
a t t e m p t e d  a s e r i e s  o f  model  r e a c t i o n s  was c a r r i e d  o u t  t o  e s t a b l i s h  
t h e  b e s t  c o n d i t i o n s  f o r  t h e  p r e p a r a t i o n  o f  2 - a c y l i n d o l e s .  The model
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compound c h o s en  was 2 - a c e t y l i n d o l e  ( 4 4 ) .  The u s u a l  s y n t h e s i s  o f  t h i s  
30compound by t r e a t m e n t  o f  i n d o l e  w i t h  a c e t i c  a n h y d r i d e  i n  t h e  p r e s e n c e
o f  magnesium p e r c h l o r a t e  i s  p r o b a b l y  o f  no use  h e r e  s i n c e  i t  i s
r e p o r t e d  t h a t  i t  c a n n o t  be a p p l i e d  t o  more complex a c y l  g r o u p s .
2 - A c e t y l i n d o l e  (44 )  h a s  been  p r e p a r e d  i n  47% y i e l d  by a  F i s c h e r  
31s y n t h e s i s  u s i n g  a m i x t u r e  o f  s u l p h u r i c  a c i d  and f o rm ic  a c i d  as  t h e  
c y c l i s i n g  a g e n t .  T h i s  y i e l d  i s  o b v i o u s l y  t o o  low f o r  t h e  r e a c t i o n  t o  
be o f  any s y n t h e t i c  v a l u e  and so a v a r i e t y  o f  o t h e r  c y c l i s i n g  a g e n t s  
and c o n d i t i o n s  were used  by us  i n  an  a t t e m p t  t o  f i n d  an  e f f i c i e n t  
s y n t h e s i s  o f  2 - a c e t y l i n d o l e  (44)  which c o u ld  t h e n  be a d a p t e d  t o  t h e  
p r e p a r a t i o n  o f  t h e  2 - a c y l i n d o l e  ( 1 5 4 ) .  For  t h i s  work t h e  h y d r a z o n e  
(177)  was made i n  t h e  f o l l o w i n g  way: b e n z e n e d ia z o n iu m  c h l o r i d e  was 
p r e p a r e d  from a n i l i n e  and t r e a t e d  w i t h  2 - m e t h y l a c e t o a c e t i c  a c i d  (175)  
t o  form t h e  az o  compound ( 1 7 6 ) .  Th i s  compound d e c a r b o x y l a t e d  on t r e a t ­
ment  w i t h  sodium a c e t a t e  and gave t h e  r e q u i r e d  compound (177 ,
32scheme 20)
The f i r s t  a t t e m p t  a t  c y c l i s a t i o n  o f  t h e  h y d r a z o n e  (177)  t o
2 - a c e t y l i n d o l e  (44 )  was made by h e a t i n g  t h e  s u b s t r a t e  i n  3N e t h a n o l i c  
33h y d r o c h l o r i c  a c i d  . T h i s  was u n s u c c e s s f u l  and t h e  s t a r t i n g  m a t e r i a l
was r e t u r n e d  unchanged .  S i m i l a r l y ,  h e a t i n g  t h e  h y d r a z o n e  (177)  i n
g l a c i a l  a c e t i c  a c i d  f a i l e d  t o  in d u ce  c y c l i s a t i o n .  A t h i r d  a t t e m p t  was
33made by m ix i n g  (177)  and p o l y p h o s p h o r i c  a c i d  . A v i g o r o u s  e x o th e r m i c
r e a c t i o n  o c c u r r e d  and t h e  t e m p e r a t u r e  r o s e  r a p i d l y  t o  170° ,  t h e  r e s u l t
was a c h a r r e d  b l a c k  t a r  f rom which  no o r g a n i c  m a t e r i a l  c o u l d  be
31e x t r a c t e d .  C h a s t r e t t e  h a s  o b s e r v e d  t h a t  p o l y p h o s p h o r i c  a c i d  a t  
100° e f f e c t s  t h e  r e a r r a n g e m e n t  o f  2 - a c e t y l i n d o l e  (44)  t o  3 - a c e t y l i n d o l e , 
so  i f  any p r o d u c t  had  been  formed i n  t h e  r e a c t i o n ,  t h e  e l e v a t e d  

















There  a r e  examples  in  t h e  l i t e r a t u r e  o f  s u c c e s s f u l  F i s c h e r  
s y n t h e s e s  i n v o l v i n g  t h e r m a l  c y c l i s a t i o n  by h e a t i n g  i n  h i g h - b o i l i n g  
s o l v e n t s  such as  d i e t h y l e n e  g l y c o l ^ ^  and so  h y d r a z o n e  (177)  was h e a t e d  
under  r e f l u x  i n  d i e t h y l e n e  g l y c o l  b u t  w ork -up  a f f o r d e d  o n ly  t h e  
s t a r t i n g  m a t e r i a l .
The f i n a l  a t t e m p t  i n v o lv e d  t h e  use  o f  p o l y p h o s p h o r i c  e s t e r .
T h i s  r e a g e n t  o f f e r s  c e r t a i n  a d v a n t a g e s  ove r  t h e  use o f  p o l y p h o s p h o r i c  
35a c i d  s i n c e  i t  i s  s o l u b l e  i n  c h l o r o f o r m  and any h e a t  l i b e r a t e d  d u r i n g  
a r e a c t i o n  can  be d i s s i p a t e d  t h r o u g h o u t  t h e  s o l v e n t  t h u s  p r e v e n t i n g  
c h a r r i n g .  The e s t e r  i s  p r e p a r e d  by h e a t i n g  ph o s p h o ru s  p e n t o x i d e  under  
r e f l u x  w i t h  d ry  e t h e r  in  c h lo r o f o r m .  The e s t e r  i s  t h e n  used a s  a 
s o l u t i o n  i n  c h l o r o f o r m .  T r e a tm e n t  o f  t h e  h y d r a z o n e  (177)  w i t h  p o l y -  
p h o s p h o r i c  e s t e r  a g a i n  f a i l e d  t o  i n d u c e  c y c l i s a t i o n  and t h e  s u b s t r a t e  
was r e t u r n e d  unchanged .  From t h e s e  r e s u l t s  i t  does  n o t  seem p o s s i b l e  
t o  f i n d  an e f f i c i e n t  F i s c h e r  s y n t h e s i s  o f  2 - a c e t y l i n d o l e  (44)  and 
t h e r e  seemed t o  be l i t t l e  p o i n t  i n  a t t e m p t i n g  t o  e x t e n d  t h e  r e a c t i o n  
t o  a more complex d e r i v a t i v e .
P y r o l y s i s  o f  2 - a z i d o s t y r e n e s ^ ^  and t r i e t h y l p h o s p h i t e  r e d a c t i o n  
37o f  2 - n i t r o s t y r e n e s  a r e  bo th  c y c l i s a t i o n  r e a c t i o n s  which g iv e  r i s e  t o  
i n d o l e s .  Both i n v o l v e  t h e  g e n e r a t i o n  o f  a n i t r e n e  as  i n t e r m e d i a t e .
In  p r e f e r e n c e  t o  h a n d l i n g  p o t e n t i a l l y  e x p l o s i v e  a z i d e s  t h e  s y n t h e s i s  
o f  a s u i t a b l e  2 - n i t r o s t y r e n e  d e r i v a t i v e  was a t t e m p t e d ;  t h u s  t r e a t m e n t  
o f  2 - n i t r o b e n z a l d e h y d e  w i t h  a m e th y l  k e t o n e  s h o u l d  g i v e  a  s t y r e n e  
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The s a t u r a t e d  k e t o n e  (180)  would be o f  no use i n  t h i s  s y n t h e t i c
r o u t e  s i n c e  c o n d e n s a t i o n  w i t h  2 - n i t r o b e n z a l d e h y d e  would o c c u r  a t  t h e
m e th y le n e  f u n c t i o n  a d j a c e n t  t o  t h e  c a r b o n y l  g r o u p .  To e n s u r e  r e a c t i o n
a t  t h e  t e r m i n a l  m e th y l  g r oup ,  t h e  u n s a t u r a t e d  d e r i v a t i v e  (179)  was
p r e p a r e d .  The unwanted d oub le  bond c a n  be r e d u c e d  o u t  a t  a  l a t e r
s t a g e  i n  t h e  s y n t h é s i s .  T h i s  k e t o n e  (179)  was  p r e p a r e d  by c o n d e n s a t i o n
38o f  3 ,4 - d im e th o x y b e n z a l d e h y d e  (178)  w i t h  a c e t o n e
U n f o r t u n a t e l y  a l l  a t t e m p t s  t o  co n d e n se  k e t o n e  (179)  w i t h
2 - n i t r o b e n z a l d e h y d e  were u n s u c c e s s f u l .  The k e t o n e  was t r e a t e d  w i t h
39t h e  a ld e h y d e  i n  t h e  p r e s e n c e  o f  sodium h y d r o x i d e  i n  w a t e r  and e t h a n o l  , 
b u t  t h e  p r o d u c t  was an i n s e p a r a b l e  b l a c k  t a r .  The c o n d e n s a t i o n  was 
t r i e d  a g a i n  k e e p i n g  t h e  t e m p e r a t u r e  be low 25° and t h i s  t im e  a r e d  o i l
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C H 3 0
C 0 C H 3
(180)
was o b t a i n e d  on w o rk -up ,  b u t  t h i s  c o u l d  n o t  be p u r i f i e d  even  by column 
c h ro m a to g r a p h y .  A f i n a l  a t t e m p t  a t  t h i s  c o n d e n s a t i o n  was made under  
non -aq u e o u s  b a s i c  c o n d i t i o n s .  The two r e a c t a n t s  were h e a t e d  w i t h  
p i p e r i d i n e ,  b u t  no c o n d e n s a t i o n  o c c u r r e d  and t h e  s t a r t i n g  m a t e r i a l s  




C O C H
( 1 7 9 )
The f i n a l  s y n t h e t i c  a p p ro a c h  t o  2 - ( 3 , 4 - * d i m e t h o x y p h e n y l p r o p a n o y l ) “ 
i n d o l e  (154)  p roved  t o  be s u c c e s s f u l .  J o u l e ^ ^  h a s  made use  o f  t h e  
f a c t  t h a t  4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e  (181)  behaves  n o t  a s  a no rm al  î indo le ,  
b u t  a s  a d i a l k y l p y r r o l e  and i s  t h u s  s u b j e c t  t o  e l e c t r o p h i l i c  a t t a i c k  a t  
t h e  2 - p o s i t i o n  r a t h e r  t h a n  a t  t h e  3 - p o s i t i o n .  Thus 4 , 5 , 6 , 7 - t e t r a -  
h y d r o i n d o l e  magnesium bromide (49)  when added  t o  e s t e r s  g i v e s
2 - a c y l - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e s . The use  o f  e s t e r s  r a t h e r  t h a n  a c i d  
c h l o r i d e s  i s  an i m p o r t a n t  a d v a n t a g e  o f  t h i s  s y n t h e t i c  method,  
p a r t i c u l a r l y  i n  v iew  o f  t h e  d i f f i c u l t i e s  e x p e r i e n c e d  i n  t h e  use  o f  t h e
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u n s t a b l e  3 , 4 - d im e t h o x y p h e n y l p r o p a n o y l  c h l o r i d e  (149)
3 » Cu
\ k





U n t i l  r e c e n t l y  t e t r a h y d r o i n d o l e  (181)  was p r e p a r e d  by t h e  
W o l f f - K i s h n e r  r e d u c t i o n  o f  4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e  ( 1 8 3 ) ^ ,  
b u t  t h e  B i r c h  r e d u c t i o n  o f  i n d o l e  (13)  w i t h  l i t h i u m  i n  l i q u i d  ammonia 
g i v e s  a m i x t u r e  o f  (181)  and 4 , 7 - d i h y d r o i n d o l e  ( 1 8 2 ) ^ ^ ,  and J o u l e ^ ^  
h a s  found t h a t  c a t a l y t i c  r e d u c t i o n  o f  t h i s  m i x t u r e  t h e n  g i v e s  t e t r a ­














T e t r a h y d r o i n d o l e  (181)  was p r e p a r e d  i n  t h i s  way and t h e n
c o n v e r t e d  t o  t h e  G r i g n a r d  r e a g e n t  ( 4 9 ) .  T h i s  was added t o  m e th y l
3 , 4 - d i m e t h o x y p h e n y l p r o p a n o a t e ' (159)  t o  g iv e  2 - ( 3 , 4 - d im e th o x y p h e n y l -
p r o p a n o y l ) - 4 ,  5, 6, 7 - t e t r a h y d r o | i n d o l e  ( 1 8 4 ) .  The p r e f e r r e d  a g e n t  f o r
t h e  o x i d a t i o n  o f  (184)  ba c k  t o  t h e  p a r e n t  i n d o l e  (154 )  was
422 , 3 - d i c h l o r o - 5 , 6 - d i c y a n o - l , 4 - b e n z o q u i n o n e  . T h i s  r o u t e  p r o v i d e d  t h e  
r e q u i r e d  i n d o l e  (154)  a l b e i t  i n  m o d e r a te  y i e l d .
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The c y c l i c  vol tairanogram ( f i g u r e  12) o f  2 - ( 3 , 4 - d i m e t h o x y p h e n y l -  
p r o p a n o y l ) i n d o l e  (154)  shows an i n i t i a l  o x i d a t i v e  peak  a t  + 0 . 8  v o l t s  
c o r r e s p o n d i n g  t o  o x i d a t i o n  o f  t h e  n i t r o g e n  lone  p a i r  o f  e l e c t r o n s .  
A d d i t i o n a l  peaks  a r e  o b s e r v e d  a t  + 1 .1  and 4- 1 .45  v o l t s  c o r r e s p o n d i n g  
t o  i o n i s a t i o n  o f  t h e  d i m e th o x y p h e n y l  and i n d o l e  r i n g s  r e s p e c t i v e l y .  
I n t e r e s t i n g l y ,  t h e  i s o m e r i c  3 - a c y l i n d o l e  (74)  does  n o t  e x h i b i t  a low 
p o t e n t i a l  o x i d a t i o n  peak  i n  i t s  c y c l i c  vol tammogram ( f i g u r e  1 1 ) .
T h i s  was a r a t h e r  d i s t u r b i n g  o b s e r v a t i o n  f o r  i t  s u g g e s t e d  t h a t  i n t e r -  
m o l e c u l a r  r e a c t i o n s  i n v o l v i n g  t h e  i n d o l e  r i n g  m igh t  now o c c u r  b e f o r e
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t h e  d im e th o x y p h e n y l  r i n g  c o u ld  be b r o u g h t  i n t o  p l a y .
F i g u r e  12
C y c l i c  Voltammogram o f  2 - ( 3 , 4 - D i m e t h o x y p h e n y l p r o p a n o y l ) i n d o l e  (154)
v o lts
I n d e e d  when t h e  compound (154)  was e l e c t r o l y s e d  a t  a p o t e n t i a l  o f
-1
+ 1 .2  v o l t s ,  SF.mol  o f  c h a r g e  was consumed and work-up  o n l y  gave 
a t a r r y  s o l i d  f rom which  s t a r t i n g  m a t e r i a l  (10%) was r e t u r n e d .  No 
o t h e r  p r o d u c t s  were i s o l a t e d .  The e l e c t r o l y s i s  was t h e n  r e p e a t e d  a t  
+ 0 . 8  v o l t s  b u t  a g a i n  o n l y  t a r  and s t a r t i n g  m a t e r i a l  were o b t a i n e d .
I n  b o th  t h e s e  e x p e r i m e n t s  t h e  mass s p e c t r u m  o f  t h e  p r o d u c t  p r i o r  t o  
c h ro m a to g r a p h y  showed a  peak  a t  ™/e 210 p o s s i b l ÿ  due t o  3 , 4 - d i m e t h o x y ■ 
p h e n y l p r o p a n o i c  a c i d  (153)  a l t h o u g h  t h i s  compound was n o t  i s o l a t e d  
and i n  s u p p o r t  o f  t h i s  M i l l e r ^ ^  r e p o r t s  t h e  f o r m a t i o n  o f  c a r b o x y l i c  
a c i d s  by f r a g m e n t a t i o n  o f  k e t o n e s  i n  e l e c t r o c h e m i c a l  o x i d a t i o n s  I t  
had  been  hoped  t h a t  t h e  o x i d a t i o n  o f  (154)  would l e a d  t o  t h e  qu inone  
e n o l  (77)  which c o u l d  have  be e n  compared w i t h  t h e  p r o d u c t  f rom t h e
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o x i d a t i o n  o f  ( 7 4 ) .  C l e a r l y  o x i d a t i o n  o f  (154)  even  a t  t h e  lower 
p o t e n t i a l  o f  + 0 . 8  v o l t s  r e s u l t s  i n  t h e  f o r m a t i o n  o f  t a r s  and in  
f r a g m e n t a t i o n  r e a c t i o n s ,  and no i s o l a b l e  p r o d u c t s  a r e  fo rmed .  The 
d i f f e r e n c e  i n  t h e  e l e c t r o c h e m i c a l  b e h a v i o u r  o f  t h e  2 - a c y l i n d o l e  
(154)  and t h e  3 - a c y l i n d o l e  (74)  may be due t o  t h e  f a c t  t h a t  (74)  
i s  a v i n y l o g o u s  amide .  (The i n d o l e  (74)  was i n  f a c t  o r i g i n a l l y
8s y n t h e s i s e d  as  p a r t  o f  a  s t u d y  o f  t h e  a n o d ic  o x i d a t i o n  o f  amides . )  
A l s o ,  i n  (154)  t h e  3 - p o s i t i o n  i s  u n s u b s t i t u t e d  and so  p o l y m e r i s a t i o n  
may o c c u r  (scheme 6 ) .  Much t im e  had  be e n  d e v o te d  t o  t h e  s y n t h e s i s  
o f  (154)  and i t  was d i s a p p o i n t i n g  t h a t  a n o d ic  o x i d a t i o n  o f  t h e  com­
pound f a i l e d  t o  g iv e  any u s e f u l  i n f o r m a t i o n  o r  i d e n t i f i a b l e  p r o d u c t s .
I t a h a r a ^ ^  h a s  c y c l i s e d  l - m e t h y l - 3 - b e n z o y l i n d o l e  (127)  t o  (128)  
by t h e  a c t i o n  o f  p a l l a d i u m  ( I I )  a c e t a t e .  T h i s  i s  i n t e r e s t i n g  s i n c e ,  
a s  h a s  a l r e a d y  been  n o t e d ,  e l e c t r o c h e m i c a l  c o u p l i n g  does  n o t  oc c u r  
w i t h  t h e  h i g h e r  homologue (73)  and i t  seems t h a t  t h e  s i d e  c h a i n  h a s  
t o  c o n s i s t  o f  a t  l e a s t  t h r e e  atoms as  i n  (74)  b e f o r e  i n t r a m o l e c u l a r  
c y c l i s a t i o n  i s  o b s e r v e d .  Ring  s i z e  does  n o t  p r e s e n t  a prob lem in  
p a l l a d i u m  promoted c o u p l i n g  r e a c t i o n s  b e c a u s e  t h e  p a l l a d i u m  atom i s  
p r e s e n t  i n  t h e  i n t e r m e d i a t e  t h u s  i n c r e a s i n g  t h e  e f f e c t i v e  r i n g  s i z e  
(scheme 2 2 ) .  The a r y l  r i n g  i s  p a l l a d a t e d  o r t h o  t o  t h e  c a r b o n y l  
f u n c t i o n  w i t h  t h e  l o s s  o f  one m o le c u le  o f  a c e t i c  a c i d .  The o r g a n o -  
m e t a l l i c  i n t e r m e d i a t e  t h e n  c y c l i s e s  w i t h  l o s s  o f  "HPdOAc" i n  a 
c o n c e r t e d  p r o c e s s .  The f i r s t  s t e p  o f  t h e  c y c l i s a t i o n  i s  t h e  f o r m a t i o n  
o f  a TT-complex which h o l d s  t h e  m o l e c u l e  i n  t h e  c o r r e c t  o r i e n t a t i o n  f o r  
c o u p l i n g  t o  o c c u r .
I t  was t h o u g h t  t h a t  t r e a t m e n t  o f  3 - ( 3 ,4 - d i m e t h o x y p h e n y l p r o p a n o y l )  
i n d o l e  (74 )  w i t h  p a l l a d i u m  a c e t a t e  would in d u ce  c y c l i s a t i o n  t o  form 










t h e r e  would n o t  be a  s p i r o - i n t e r m e d i a t e  i n  t h e  r e a c t i o n  s e q u e n c e .  
Anodic o x i d a t i o n  o f  (185)  c o u ld  be c a r r i e d  b u t ,  h o p e f u l l y  l e a d i n g  t o  
t h e  q u in o n e  (76)  which  c o u ld  be compared  w i t h  t h e  a n o d i c  o x i d a t i o n  
p r o d u c t  f rom (74)  i n  o r d e r  t o  e s t a b l i s h  t h e  t r u e  s t r u c t u r e  o f  t h i s  
compound.
44A l l  t h e  s u b s t r a t e s  which I t a h a r a  used  i n  h i s  work were
1 - s u b s t i t u t e d  i n d o l e s ;  however ,  t h i s  i s  p r o b a b l y  n o t  n e c e s s a r y  s i n c e
\
t h e r e  a r e  examples  i n  t h e  l i t e r a t u r e  o f  p a l l a d i u m  a c e t a t e  r e a c t i o n s  




p a l l a d i u m  a c e t a t e  p e t  e q u i v a l e n t  o f  s u b s t r a t e .  There  i s  no a p p a r e n t
I
r e a s o n  f o r  t h i s  s i n c e  t h e  p a l l a d i u m  a c e t a t e  p l a y s  a  s t o i c h i o m e t r i c  
p a r t  i n  t h e  r e a c t i o n .
The i n d o l e  (74 )  was t r e a t e d  w i t h  p a l l a d i u m  a c e t a t e  ( 0 . 5  mol/mol  
o f  i n d o l e )  i n  b o i l i n g  a c e t i c  a c i d .  Work-up gave a m i x t u r e  which c o u ld  
n o t  be s e p a r a t e d  by column c h ro m a to g ra p h y ,  a l l  t h e  components  h a v i n g  
s i m i l a r  v a l u e s  w i t h  a l l  t h e  t h i n  l a y e r  c h ro m a to g r a p h y  sy s te m s  u s e d ;  
The m i x t u r e  c o n s i s t e d  m a i n ly  o f  s t a r t i n g  m a t e r i a l  b u t  mass  s p e c t r o m e t r y  
a l s o  showed m o l e c u l a r  i o n s  a t  e 351 and 307 ,  t h e  fo rm er  c o r r e s p o n d i n g  
t o  a c e t y l a t e d  s t a r t i n g  m a t e r i a l  and t h e  l a t t e r  p r o b a b l y  c o r r e s p o n d i n g
I
t o  t h e  r e q u i r e d  p r o d u c t  ( 1 8 5 ) .  The r e a c t i o n  was r e p e a t e d  u s i n g  1:1
!
m ola r  e q u i v a l e n t s  o f  (74 )  and p a l l a d i u m  a c e t a t e .  The mass s p e c t r a l  
pe a k  a t  ™/e 307 was more i n t e n s e  t h a n  i n  t h e  p r e v i o u s  e x p e r i m e n t  b u t  
o n l y  t h e  r e t u r n e d  s t a r t i n g  m a t e r i a l  c o u l d  be i s o l a t e d ;  f u r t h e r  s e p a r a ­
t i o n  p roved  i m p o s s i b l e  even  by p r e p a r a t i v e  l i q u i d  c h r o m a to g r a p h y .
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I t  i s  p o s s i b l e  t h a t  some o f  t h e  p a l l a d i u m  a c e t a t e  was used  up 
i n  a c e t y l a t i n g  t h e  s u b s t r a t e  s i n c e  i n d o l e s  a r e  n o t  a c e t y l a t e d  by 
a c e t i c  a c i d .  Thus t h e  r e a c t i o n  was r e p e a t e d  u s i n g  two m o l e c u l a r  
e q u i v a l e n t s  o f  p a l l a d i u m  a c e t a t e ,  b u t  a g a i n  p u re  p r o d u c t s  c o u ld  n o t  
be s e p a r a t e d .
I t  i s  r e p o r t e d ^ ^  t h a t  a r y l - a r y l  c o u p l i n g  r e a c t i o n s  can  be made
c a t a l y t i c  w i t h  r e s p e c t  t o  p a l l a d i u m  ( I I )  by t h e  a d d i t i o n  o f  c oppe r  ( I I )
a c e t a t e .  The coppe r  ( l l )  i o n  i s  a b l e  t o  r e o x i d i s e  t h e  d e p o s i t e d
p a l l a d i u m  (0)  t o  p a l l a d i u m  ( l l ) .  The o x i d a t i o n  i s  a l s o  c a t a l y t i c
w i t h  r e s p e c t  t o  coppe r  ( l l )  b e c a u s e  a c e t i c  a c i d  w i l l  o x i d i s e  c o p p e r  (X)
t o  coppe r  ( I I ) .  With t h i s  i n  mind t h e  r e a c t i o n  was r e p e a t e d  unde r
t h e s e  c o n d i t i o n s  b u t  i t  p roved  u n s u c c e s s f u l  and t h e  mass s p e c t r u m  o f
t h e  p r o d u c t  o n l y  showed peaks  a t  e 351 and 309 ,  no peak  was o b s e r v e d
a t  e 307.  The use  o f  a c e t o n i t r i l e  as  s o l v e n t  i n  p a l l a d i u m  a c e t a t e
46r e a c t i o n s  i s  r e p o r t e d  t o  g i v e  h i g h e r  y i e l d s  o f  p r o d u c t s  t h a n  when 
a c e t i c  a c i d  i s  employed and t h e  c a t a l y t i c  r e a c t i o n  i s  a l s o  b e s t  c a r r i e d  
ou t  under  oxygen r a t h e r  t h a n  a i r .  I n  t h e  e v e n t ,  how ever ,  t h e  use  o f  
a c e t o n i t r i l e  and oxygen was t o  no a v a i l ,  o n l y  s t a r t i n g  m a t e r i a l  was 
r e t u r n e d  w i t h  no e v id e n c e  f o r  any a c é t y l a t i o n  r e a c t i o n s .  I n  a f i n a l  
a t t e m p t  a t  c a r r y i n g  o u t  a p a l l a d i u m  a c e t a t e  promoted  i n t r a m o l e c u l a r  
c o u p l i n g  o f  (74 )  t o  (185)  t h e  s t o i c h i o m e t r i c  r e a c t i o n  was r e p e a t e d  
w i t h  a c e t o n i t r i l e  a s  s o l v e n t ,  b u t  a g a i n  o n ly  s t a r t i n g  m a t e r i a l  was 
o b t a i n e d .
I t  was d e c i d e d  t h a t  t h e  N -m ethy l  d e r i v a t i v e  (186)  o f  (74)  s h o u ld  
be p r e p a r e d  and o x i d i s e d  w i t h  p a l l a d i u m  a c e t a t e .  The i n d o l e  (74)  was 
t r e a t e d  w i t h  p o t a s s i u m  h y d r o x i d e  i n  d i m e t h y l s u l p h o x i d e  t o  form t h e  
amion,  and t h e n  t r e a t e d  w i t h  iodometh ane  t o  g i v e  t h e  m e t h y l a t e d  
d e r i v a t i v e  ( 1 8 6 ) .  T re a tm e n t  o f  (186)  w i t h  p a l l a d i u m  a c e t a t e  i n  a c e t i c
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a c i d  a g a i n  f a i l e d  t o  i n d u c e  i n t r a m o l e c u l a r  c o u p l i n g .  Mass s p e c t r o m e t r y  
and t h i n  l a y e r  c h ro m a to g r a p h y  ( s i l i c a / e t h e r )  showed t h e  r e s u l t a n t  




The l e n g t h  o f  t h e  s i d e  c h a i n  l i n k i n g  t h e  two a r o m a t i c  sys te m s  
i n  (74 )  may have  a d v e r s e l y  a f f e c t e d  t h e  r e a c t i o n .  The i n i t i a l  s t e p  
i n  t h e  r e a c t i o n  i s  p a l l a d a t i o n  o f  t h e  d i m e th o x y p h e n y l  r i n g .  The n e x t  
s t e p  i s  i n t r a m o l e c u l a r  a t t a c k  t o  form an i n t e r m e d i a t e  i r - complex (187)  
T h i s  s t e p  may be i n h i b i t e d  by t h e  lo n g  s i d e  c h a i n  on c o n f o r m a t i o n a l  







To t e s t  t h i s  s p e c u l a t i o n  t h e  lower homologue (73)  was p r e p a r e d  by 
t r e a t m e n t  o f  i n d o l e  magnesium bromide (41)  w i t h  3 ,4 - d i m e t h o x y p h e n y l -  
a c e t y l  c h l o r i d e  (142)  b u t  s u r p r i s i n g l y  t r e a t m e n t  o f  (73)  w i t h  p a l l a d i u m  
a c e t a t e  f a i l e d  t o  c a u se  c y c l i s a t i o n .  I t  had be e n  t h o u g h t  t h a t  t h e  
s h o r t e r  s i d e  c h a i n  m igh t  a i d  t h e  f o r m a t i o n  o f  a i r -complex and so 
a s s i s t  t h e  i n t r a m o l e c u l a r  c o u p l i n g  r e a c t i o n .  The n e x t  lower homologue 
3 - ( 3 , 4 - d i m e t h o x y b e n z o y l ) i n d o l e  (189)  was t h e n  p r e p a r e d  by t h e  r e a c t i o n  
o f  i n d o l e  magnesium bromide (41)  w i t h  3 , 4 - d im e th o x y b e n z o y l  c h l o r i d e  
( 1 8 8 ) .










When (189)  was t r e a t e d  w i t h  p a l l a d i u m  a c e t a t e  i n  a c e t i c  a c i d  
a l l  o f  t h e  s t a r t i n g  m a t e r i a l  was consumed and t h e  r e s i d u e  a f t e r  
e v a p o r a t i o n  o f  t h e  s o l v e n t  was s u b j e c t e d  t o  column ch o rm a to g ra p h y  on 
s i l i c a  g e l  w i t h  e t h e r  a s  e l u e n t .  Most o f  t h e  m a t e r i a l  was a t a r r y  
s u b s t a n c e  which  r em a in e d  on t h e  co lumn,  b u t  a t r a c e  q u a n t i t y  o f  a 
y e l l o w  s o l i d  was o b t a i n e d  w i t h  a m o l e c u l a r  i o n  peak  i n  t h e  mass 
s p e c t r u m  a t  ^ / e  279,  which was most  p r o b a b l y  a c y c l i s e d  p r o d u c t .  
However ,  t h e  y i e l d  was f a r  t o o  low f o r  p o s i t i v e  i d e n t i f i c a t i o n .  The 
r e a c t i o n  was r e p e a t e d  under  m i l d e r  c o n d i t i o n s  u s i n g  a c e t o n i t r i l e  as  
s o l v e n t ,  b u t  i n  t h i s  c a s e  no r e a c t i o n  o c c u r r e d  a t  a l l .
3 - ( 3 , 4 - O i m e t h o x y b e n z o y l ) i n d o l e  (189)  was N - m e t h y l a t e d  w i t h  
iodomethane  and p o t a s s i u m  h y d r o x i d e  i n  d i m e t h y l s u l p h o x i d e .  The
1 - m e th y l  d e r i v a t i v e  (190)  i s  i d e n t i c a l  t o  t h e  s u b s t r a t e  (127)  used
44by I t a h a r a  e x c e p t  f o r  t h e  p r e s e n c e  o f  t h e  two methoxy  f u n c t i o n s .  
P a l l a d i u m  a c e t a t e  o x i d a t i o n  o f  t h i s  compound s h o u l d  show w he the r  t h e  
f a i l u r e  o f  t h e  p r e v i o u s  r e a c t i o n s  was due t o  t h e  p r e s e n c e  o f  t h e  
methoxy g roups  in  t h e  a r o m a t i c  r i n g  or  t o  some o t h e r  f a c t o r .  1 - M e thy l -
3 - ( 3 , 4 - d i m e t h o x y b e n z o y l ) i n d o l e  (190)  was t h u s  t r e a t e d  w i t h  p a l l a d i u m  
a c e t a t e  i n  g l a c i a l  a c e t i c  a c i d  and t h e  t e t r a c y c l i c  compound (191)  was 
formed and p u r i f i e d  by column c h ro m a to g r a p h y .  The i s o l a t e d  y i e l d  o f  
t h i s  compound was s m a l l  b e c a u s e  t h e  compound s t r e a k e d  on t h e  column 
and ha d  a s i m i l a r  v a l u e  t o  t h e  r e s i d u a l  s t a r t i n g  m a t e r i a l  which  was 
p r e s e n t .  However ,  s u f f i c i e n t  m a t e r i a l  was o b t a i n e d  from t h e  end o f  
t h e  column f o r  c o m p le te  c h a r a c t e r i s a t i o n .
44T h i s  p r o d u c t  was u n e x p e c t e d  b e c a u s e  I t a h a r a  had  o n l y  o b s e r v e d  
c y c l i s a t i o n  a t  t h e  4 - p o s i t i o n  o f  t h e  i n d o l e  r i n g  when t h e  2 - p o s i t i o n  
was b l o c k e d .  I n  o t h e r  c a s e s  t h e  c o u p l i n g  o c c u r r e d  e x c l u s i v e l y  a t  t h e
2 - p o s i t i o n .  E v ide nce  f o r  t h i s  s t r u c t u r e  was found  i n  t h e  a b s e n c e  o f
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(191)
any s i g n a l  above 8 ppm i n  t h e  'H n . m . r .  s p e c t r u m .  Such a s i g n a l  
would be e x p e c t e d  f o r  t h e  p r o t o n  i n  t h e  4 - p o s i t i o n  o f  a 3 - a c y l i n d o l e .  
A l s o ,  t h e  p r e s e n c e  o f  two s i n g l e t  a r o m a t i c  peaks  i n d i c a t e s  t h e  
s u b s t i t u t i o n  p o s i t i o n  i n  t h e  d i m e th o x y p h e n y l  r i n g .
I t  was d e c i d e d  t o  p r e p a r e  3 - b e n z o y l  i n d o l e  (192)  and t h e n  t o  
t r e a t  i t  w i t h  p a l l a d i u m  a c e t a t e  and compare t h e  r e s u l t  w i t h  t h a t  
o b t a i n e d  by I t a h a r a  f o r  t h e  1 - m e th y l  d e r i v a t i v e  ( 1 2 7 ) .  T r e a t m e n t  o f  
b e n z o y l  c h l o r i d e  w i t h  i n d o l e  magnesium bromide  (41)  gave (192)  i n  t h e  
u s u a l  way.  T r e a tm e n t  o f  (192)  w i t h  p a l l a d i u m  a c e t a t e  f o l l o w e d  by 
column ch ro m a to g ra p h y  gave two p r o d u c t s .  The t e t r a c y c l i c  compound 
(193)  a n a lo g o u s  t o  (191)  was formed i n  34% y i e l d .  T h i s  a g a i n  i s  
u n u s u a l ;  t h e r e  was no e v i d e n c e  f o r  t h e  f o r m a t i o n  o f  any p r o d u c t  
c y c l i s e d  a t  t h e  2 - p o s i t i o n  a n a lo g o u s  t o  ( 1 2 8 ) .  I t  i s  d i f f i c u l t  t o  
u n d e r s t a n d  why I t a h a r a  o b s e r v e d  c o u p l i n g  o n l y  a t  t h e  2 - p o s i t i o n  w i t h  
(127)  w hereas  p a l l a d i u m  a c e t a t e  t r e a t m e n t  o f  (192)  under  i d e n t i c a l
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c o n d i t i o n s  l e a d s  t o  c y c l i s a t i o n  a t  t h e  4 - p o s i t i o n .
The o t h e r  p r o d u c t  i s o l a t e d  from t h e  column was a c r y s t a l l i n e  
s o l i d  w i t h  a m o l e c u l a r  i o n  a t  e 325 i n  t h e  mass sp e c t r u m  and a 
m ajo r  f r a g m e n t a t i o n  peak  a t  ™/e 105.  The i n f r a - r e d  s p e c t r u m  showed 
no N-H a b s o r p t i o n ,  b u t  two a b s o r p t i o n s  due t o  c a r b o n y l  g roups  were 
o b s e r v e d .  The p r o d u c t  was found t o  be 1 , 3 - d i b e n z o y l i n d o l e  ( 1 9 4 ) .
The mode o f  f o r m a t i o n  o f  t h i s  p r o d u c t  i s  v e r y  d i f f i c u l t  t o  u n d e r s t a n d ,
t h e  p a l l a d i u m  a c e t a t e  h a s  somehow c a u s e d  t h e  t r a n s f e r  o f  a b e n z o y l
g roup  from t h e  3 - p o s i t i o n  o f  one m o le c u le  t o  t h e  1 - p o s i t i o n  o f  a n o t h e r  
The r e a c t i o n  i s  w i t h o u t  p r e c e d e n t  i n  t h e  l i t e r a t u r e  and no e x p l a n a t i o n






The r e s u l t s  o b t a i n e d  h e r e  f o r  p a l l a d i u m  a c e t a t e  c o u p l i n g  
r e a c t i o n s  i n d i c a t e  t h a t  c y c l i s a t i o n  c a n  o c c u r  f o r  3 - b e n z o y l i n d o l e s  
b u t  n o t  f o r  o t h e r  3 - a c y l i n d o l e s . P o s s i b l y  t h e  c a r b o n y l  group h a s  
t o  be c o n j u g a t e d  t o  a n o t h e r  a r o m a t i c  s y s te m  as  w e l l  as  t o  t h e  i n d o l e  
r i n g  t h e r e b y  d e c r e a s i n g  t h e  v i n y l o g o u s  amide c h a r a c t e r  o f  t h e
3 - a c y l i n d o l e ,  o r  i t  may be t h a t  b e n z y l i c  o x i d a t i o n  i s  a c om pe t ing  
r e a c t i o n  i n  s u b s t r a t e s  b e a r i n g  p h e ny l  m e t h y l  u n i t s .  One may a l s o  
c o n c lu d e  t h a t  i t  i s  n o t  n e c e s s a r y  t o  u s e  1 - a l k y l i n d o l e s  as  s u b s t r a t e s ,  
t h e  c y c l i s a t i o n s  w i l l  o c c u r  even  f o r  i n d o l e s  u n s u b s t i t u t e d  a t  t h e
1 - p o s i t i o n  b u t  N - a c y l a t i o n  may t h e n  be a  p rob lem .  I t  would a l s o  
a p p e a r  t h a t  i n  t h e s e  p a r t i c u l a r  r e a c t i o n s  a c e t i c  a c i d  i s  a b e t t e r  
s o l v e n t  t h a n  a c e t o n i t r i l e .
One f i n a l  p a l l a d i u m  a c e t a t e  o x i d a t i o n  was c a r r i e d  ou t  u s i n g
2 - ( 3 , 4 - d i m e t h o x y p h e n y l a c e t y l ) i n d o l e  ( 1 5 5 ) .  T h i s  compound, b e i n g  a
2 - a c y l i n d o l e  i s  n o t  a  v i n y l o g o u s  amide and  so  t h e  comments made
above may n o t  a p p l y .  The compound (155)  had  been  p r e p a r e d  f o r  e l e c t r o ­
c h e m i c a l  s t u d i e s  b u t  had  n o t  been  used  b e c a u s e  t h e  r e s u l t  f o r  t h e  
homologue (154)  s u g g e s t e d  t h a t  o n l y  p o l y m e r i s a t i o n  would  o c c u r  due 
t o  t h e  u n s u b s t i t u t e d  3 - p o s i t i o n ,  The compound (155)  was p r e p a r e d  
by t r e a t i n g  m e th y l  3 , 4 - d i m e t h o x y p h e n y l a c e t a t e  (167)  w i t h  4 , 5 , 6 , 7 - t e t r a ­
h y d r o i n d o l e  magnesium bromide  (49)  f o l l o w e d  by a r o m a t i s a t i o n  w i t h  
d i c h l o r o d i c y a n o b e n z o q u i n o n e . The second  s t e p  o n l y  p r o c e e d e d  i n  low 
y i e l d  and most  o f  t h e  m a t e r i a l  was t r a n s f o r m e d  t o  a t a r .  T r e a t m e n t  o f  
(155)  w i t h  p a l l a d i u m  a c e t a t e  o n l y  gave an  i n t r a c t a b l e  t a r ,  p r e s u m a b ly  
due t o  a c i d - c a t a l y s e d  p o l y m e r i s a t i o n  a t  t h e  u n s u b s t i t u t e d  3 - p o s i t i o n .
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T h a l l i u m  ( I I I )  t r i f l u o r o a c e t a t e  i s  a n o t h e r  c h e m i c a l  a g e n t  which
h a s  been  used  t o  e f f e c t  c o u p l i n g  r e a c t i o n s .  3 - ( 3 ,4 - D i m e t h o x y p h e n y l -
p r o p a n o y l ) i n d o l e  (74 )  was t r e a t e d  w i t h  t h a l l i u m  t r i f l u o r o a c e t a t e  i n  
47d i c h l o r o m e t h a n e  . The s u b s t r a t e  f a i l e d  t o  r e a c t  and t h e  o x i d a n t  
decomposed w i t h i n  a few m i n u t e s  c a u s i n g  t h e  s o l u t i o n  t o  d e v e l o p  a  d a r k  
r e d  c o l o u r .  The r e a g e n t  i s  assumed t o  mimic a n o d ic  r e a c t i o n s  i n  s o  f a r  
a s  i t  o x i d i s e s  a r o m a t i c  r i n g s  t o  r a d i c a l  c a t i o n s .  I n  t h i s  e x p e r i m e n t  
t h e  h i g h l y  r e a c t i v e  r e a g e n t  decomposed b e f o r e  i t  h ad  e f f e c t e d  o x i d a t i o n  
o f  t h e  s u b s t r a t e .  I t  i s  r e p o r t e d ^ ^  t h a t  t h a l l i u m  t r i f l u o r o a c e t a t e  i s
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l i g h t  s e n s i t i v e  and so f u t u r e  r e a c t i o n s  w i t h  t h i s  r e a g e n t  were c a r r i e d
o u t  i n  t h e  d a r k .  The r e a c t i o n  was r e p e a t e d  i n  d i c h l o r o m e t h a n e  a t  - 7 8 °  
49and i n  t h e  d a r k  . Again  t h e  s u b s t r a t e  f a i l e d  t o  r e a c t .  A f i n a l  
a t t e m p t  a t  t h i s  r e a c t i o n  was made u s i n g  t r i f l u o r o a c e t i c  a c i d ^ ^  a s  
s o l v e n t .  Work-up gave an i n t r a c t a b l e  r e d  t a r .  Th in  l a y e r  chroma­
t o g r a p h y  showed t h e  p r e s e n c e  o f  many components  which  c o u ld  n o t  be 
s e p a r a t e d .
The f i n a l  p a r t  o f  t h e  work on i n d o l e s  was a l a s t  a t t e m p t  t o  
d e t e r m i n e  t h e  s t r u c t u r e  o f  t h e  p r o d u c t  f rom t h e  a n o d ic  o x i d a t i o n  o f  
( 7 4 ) .
(76) (77)
S i n c e  i t  i s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  be tw een  t h e  two p ro p o se d  
s t r u c t u r e s  (76)  and (77)  by c o n v e n t i o n a l  s p e c t r o s c o p i c  methods  i t  was 
p r o p o se d  t h a t  t h e  1- m e t h y l  d e r i v a t i v e  (186)  o f  (74)  be s u b j e c t e d  t o  
a n o d ic  o x i d a t i o n .  The two p o s s i b l e  p r o d u c t s  would  now be (195)  and
( 1 9 6 ) ;  é n o l i s a t i o n  o f  (196)  i s  p r e v e n t e d  by t h e  p r e s e n c e  o f  t h e  m e th y l  
g roup  i n  t h e  1 - p o s i t i o n .  I t  s h o u l d  be p o s s i b l e  t o  d i s t i n g u i s h  be tw een  
t h e s e  two s t r u c t u r e s  by n u c l e a r  O v e r h a u s e r  e x p e r i m e n t s .  I r r a d i a t i o n  
a t  t h e  f r e q u e n c y  c o r r e s p o n d i n g  t o  t h e  m e th y l  g roup  would c a u s e
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enhancement  o f  t h e  s i g n a l  c o r r e s p o n d i n g  t o  t h e  p r o t o n  i n  t h e  7 - p o s i t i o n  
o f  t h e  i n d o l e  r i n g  in  b o th  c a s e s ,  b u t  o n l y  i n  (195)  would one o f  t h e  
s i g n a l s  due t o  t h e  p r o t o n s  i n  t h e  qu inone  r i n g  a l s o  be e n ha nce d .  These  
s i g n a l s  would be s e en  as  one p r o t o n  s i n g l e t s  and would t h u s  be e a s i l y  
i d e n t i f i e d .  N u c l e a r  O v e r h a u se r  e x p e r i m e n t s  i n  t h e  N-demethy l  s e r i e s  
were n o t  a t t e m p t e d  b e c a u s e  o f  t h e  l a c k  o f  t h e  a p p r o p r i a t e  " c l o s e "  
g e o m e t r i e s .
(195) (196)
The c y c l i c  vol tammogram o f  (186)  shows o x i d a t i o n  peaks  a t  
p o t e n t i a l s  o f  + 1 .0 8  and + 1 .22  v o l t s  ( f i g u r e  1 3 ) .  The i n d o l e  (186)  
was e l e c t r o l y s e d  a t  an anode  p o t e n t i a l  o f  + 0 . 9  - 1 .2  v o l t s .  Th in  
l a y e r  ch ro m a to g ra p h y  ( s i l i c a / e t h e r )  showed two c om ponen t s ,  s t a r t i n g  
m a t e r i a l  (186)  and a r e d  compound o f  t h e  same v a l u e .  Column 
c h ro m a to g ra p h y  r e t u r n e d  t h e  s t a r t i n g  m a t e r i a l  (60%) b u t  t h e  o t h e r  
component  decomposed on t h e  column and a l l  t h e  r e d  c o l o u r a t i o n  f a d e d .  
There  was n o t  s u f f i c i e n t  t im e  l e f t  t o  r e p e a t  t h i s  e x p e r i m e n t ,  b u t  a t  
a f u t u r e  d a t e  c a r e f u l  i s o l a t i o n  o f  t h e  d a r k  r e d  p r o d u c t  f rom t h e  
o x i d a t i o n  may w e l l  p r o v i d e  t h e  s o l u t i o n  t o  t h e  a s - y e t  unanswered  
q u e s t i o n  o f  t h e  s t r u c t u r e  o f  t h e  p r o d u c t  f rom t h e  a n o d i c  o x i d a t i o n  o f
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3 - ( 3 , 4 - d i m e t h o x y p h e n y l p r o p a n o y l ) i n d o l e  ( 7 4 ) .
F i g u r e  13
C y c l i c  Voltammogram o f  l - M e t h y l - 3 - ( 3 , 4 - d i m e t h o x y p h e n y l p r o p a n o y l ) i n d o l e  
(186)
volts
Chemica l  and E l e c t r o c h e m i c a l  O x i d a t i o n s  o f  I s o q u i n o l i n e s
C o n c u r r e n t  w i t h  t h e  work on i n d o l e s  a  s e r i e s  o f  e x p e r i m e n t s  was 
a l s o  unde r  way w i t h  i s o q u i n o l i n e s .  The f i r s t  i s o q u i n o l i n e  s u b s t r a t e s  
c h o s e n  f o r  e l e c t r o c h e m i c a l  s t u d i e s  were two homologous 4 - a c y l - l , 2 -  
d i h y d r o i s o q u i n o l i n e s  (197)  and ( 1 9 8 ) .  I t  w i l l  be  s e e n  t h a t  t h e s e  
compounds a r e  a n a lo g o u s  t o  t h e  3 - a c y l i n d o l e s  (73 )  and (74)  r e s p e c t i v e l y .
1 , 2 - D i h y d r o i s o q u i n o l i n e s  a r e  enamines  and a r e  g e n e r a l l y  h i g h l y  r e a c t i v e ,  
b u t  i n  (197)  and (198)  t h e  enamine  s t r u c t u r e  i s  s t a b i l i s e d  by c o n j u g a t i o n  










I t  i s  p o s s i b l e  t h a t  t h e s e  compounds w i l l  behave  l i k e  t h e  i n d o l e s  
a l r e a d y  s t u d i e d  on e l e c t r o l y s i s .  The i n i t i a l  e l e c t r o n  l o s s  w i l l  most  
p r o b a b l y  be from t h e  d im e th o x y p h e n y l  r i n g ;  a t t a c k  w i l l  t h e n  o c c u r  a t  
t h e  e l e c t r o n - r i c h  4 - p o s i t i o n  t o  g i v e  a  s p i r o - i n t e r m e d i a t e  which  w i l l  
unde rgo  a r e a r r a n g e m e n t .  I f  t h i s  i s  so  t h e n  (197)  w i l l  n o t  c y c l i s e  
b e c a u s e  o f  t h e  d i s f a v o u r e d  f i v e  membered r i n g  i n  t h e  i n t e r m e d i a t e ,  
and l i k e  t h e  i n d o l e  (73)  be e l e c t r o c h e m i c a l l y  i n e r t .  On t h e  o t h e r  hand  
t h e  h i g h e r  homologue (198)  may c y c l i s e  j u s t  a s  t h e  i n d o l e  (74)  u n d e r ­
went  a c o u p l i n g  r e a c t i o n .
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4 - A c y l - l , 2 - d i h y d r o i s o q u i n o l i n e s  were f i r s t  p r e p a r e d  by t r e a t i n g
1 , 2 - d i h y d r o i s o q u i n o l i n e s  w i t h  a c i d  c h l o r i d e s  i n  t h e  p r e s e n c e  o f  
t r i e t h y l a m i n e ^ ^  and t h e  s t a r t i n g  1 , 2 - d i h y d r o i s o q u i n o l i n e s  t h e m s e l v e s  
were  s im p ly  made by r e d u c i n g  t h e  a p p r o p r i a t e  i s o q u i n o l i n i u m  s a l t s  







T h i s  a c y l a t i o n  p r o c e d u r e  g e n e r a l l y  g i v e s  poor  y i e l d s  and a 
b e t t e r  method  i n v o l v e s  t h e  use  o f  N,N ' - d i c y c l o h e x y l c a r b o d i i m i d e  
(C6Hi i N=C=NC^Hi i ) . Th i s  r e a g e n t  i s  an a c y l a t i n g  a g e n t  o f t e n  used  
i n  the  s y n t h e s i s  o f  p e p t i d e s  b u t  h e r e  t h e  1 , 2 - d i h y d r o i s o q u i n o l i n e  
i s  t r e a t e d  w i t h  a c a r b o x y l i c  a c i d  i n  t h e  p r e s e n c e  o f  N ,N ' - d i c y c l o ­
h e x y l c a r b o d i i m i d e  and a 4 - a c y l - l , 2 - d i h y d r o i s o q u i n o l i n e  r e s u l t s  a l o n g  
w i t h  N ,N ' - d i c y c l o h e x y l u r e a  (C^H^^NHCONHC^H^^) .
The f i r s t  s t a g e  i n  t h e  s y n t h e s i s  o f  t h e  i s o q u i n o l i n e  d e r i v a t i v e s
( 197)  and (198)  i s  t h e  p r e p a r a t i o n  o f  2 - m e t h y l - 6 , 7 - d i m e t h o x y i s o q u i n o -  
l i n i u m  i o d i d e  ( 1 9 9 ) .  T h i s  compound was p r e p a r e d  by m o d i f i c a t i o n s  o f  
t h e  P o m e r a n z - F r i t s c h  r e a c t i o n ;  t h u s  3 , 4 - d i m e t h o x y b e n z a l d e h y d e  (150)  
was c ondensed  w i t h  a m i n o a c e t a l d e h y d e  d i m e t h y l a c e t a l  (81 )  t o  form t h e  
S c h i f f  b a s e  (200)  by s t i r r i n g  a t  room t e m p e r a t u r e  i n  e t h a n o l  f o r  one 
h o u r .  T h i s  compound was r e d u c e d  iri s i t u  w i t h  sodium b o r o h y d r i d e  t o  
g i v e  3 , 4 - d i m e t h o x y b e n z y l a m i n o a c e t a l d e h y d e  d i m e t h y l a c e t a l  ( 2 0 1 ) .  
Compound (201)  was t h e  s t a r t i n g  p o i n t  f o r  t h r e e  d i f f e r e n t  m o d i f i e d  
P o m e r a n z - F r i t s c h  r e a c t i o n s  l e a d i n g  t o  6 , 7 - d i m e t h o x y i s o q u i n o l i n e  (204)  
which was i s o l a t e d  a s  i t s  m e t h i o d i d e  s a l t  ( 1 9 9 ) .
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The f i r s t  s t a g e  i n  t h e  i s o q u i n o l i n e  s y n t h e s i s  d e s i g n e d  by 
52B o b b i t t  i n v o l v e s  t h e  a c i d  c a t a l y s e d  c y c l i s a t i o n  o f  (201)  t o
534 - h y d r o x y - 6 , 7 - d i m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  (202)
The a c e t a l  (201)  i s  t r e a t e d  w i t h  6N h y d r o c h l o r i c  a c i d  a t  room 
t e m p e r a t u r e .  The a c e t a l  i s  h y d r o l y s e d  t o  t h e  a ld e h y d e  and t h i s  t h e n  
c y c l i s e s  t o  g i v e  ( 2 0 2 ) .  T r e a t m e n t  o f  ( 202 )  w i t h  N -b ro m o s u c c in im id e  
i n  c h l o r o f o r m  a t  room t e m p e r a t u r e  g i v e s  4 - h y d r o x y - 6 , 7 - d i m e t h o x y - 3 , 4 -  
d i h y d r o i s o q u i n o l i n e  (203)  a s  i t s  h y d r o b ro m id e  s a l t ,  and d e h y d r a t i o n  
o f  (203)  by h e a t i n g  i n  6N e t h a n o l i c  h y d r o c h l o r i c  a c i d  g i v e s  t h e
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Problems were e x p e r i e n c e d  w i t h  t h i s  r o u t e  and t h e  hy d ro x y  
compound (202)  c o u ld  o n l y  be i s o l a t e d  i n  low y i e l d .  I n  ou r  f i r s t  
a t t e m p t  t h e  a c e t a l  (201)  was d i s s o l v e d  i n  6N e t h a n o l i c  h y d r o c h l o r i c  
a c i d  and s t i r r e d  a t  room t e m p e r a t u r e  f o r  tw e n ty  h o u r s .  Work-up of!  
t h e  r e a c t i o n  gave an i n t r a c t a b l e  gum. D u r in g  t h i s  l a s t  p r o c e d u r e  
t h e  r e a c t i o n  p r o d u c t  was warmed w h i l s t  t h e  s o l v e n t  was e v a p o r a t e d  
unde r  r e d u c e d  p r e s s u r e .  I t  seems l i k e l y  t h a t  h e a t i n g  (202)  i n  a 
s o l v e n t  c a u s e s  d e h y d r a t i o n  t o  o c c u r  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  
a r e a c t i v e  1 , 2 - d i h y d r o i s o q u i n o l i n e  which d i s p r o p o r t i o n a t e s  and
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52p o l y m e r i s e s  g i v i n g  a complex m i x t u r e  and i n  v i e w  o f  t h i s  t h e  
r e a c t i o n  was n e x t  r e p e a t e d  unde r  more c o n t r o l l e d  t e m p e r a t u r e  c o n d i t i o n s  
b u t  t h e  i s o l a t e d  y i e l d  o f  (202)  was o n l y  4%. The y i e l d  r e p o r t e d  i n  
t h e  l i t e r a t u r e ^ ^  i s  69%.
An a l t e r n a t i v e  r o u t e  t o  t h e  i s o q u i n o l i n e  (204)  h a s  been  p ro p o se d  
by J a c k s o n ^ ^ ,  T h i s  method i s  r e p o r t e d  t o  g iv e  a h i g h e r  y i e l d  t h a n  t h e  
c o r r e s p o n d i n g  B o b b i t t  s y n t h e s i s  and was used  s u c c e s s f u l l y  i n  t h i s  
t h e s i s .  "The a c e t a l  (201)  was t r e a t e d  w i t h  t o l u e n e - 4 - s u l p h o n y l  c h l o r i d e  
(T s C l )  i n  p y r i d i n e  t o  g i v e  t h e  t e r t i a r y  amine ( 2 0 5 ) .  The t o s y l a m i n e  
(205)  was c o n v e r t e d  t o  t h e  i s o q u i n o l i n e  (204)  i n  one s t e p  by t r e a t m e n t  
w i t h  h y d r o c h l o r i c  a c i d  i n  b o i l i n g  d i o x a n .  I t  i s  c o n s i d e r e d  t h a t  t h e  
t o s y l a m i n e  (205)  c y c l i s e s  i n  t h e  u s u a l  way by a c i d  ç a t a l y s e d  h y d r o l y s i s  
o f  t h e  a c e t a l ,  c y c l i s a t i o n  and d e h y d r a t i o n  g i v i n g  t h e  2 - t o s y l - l , 2 -  
d i h y d r o i s o q u i n o l i n e  (206)  which t h e n  e l i m i n a t e s  t o l u e n e - 4 - s u l p h i n i c  
a c i d  (207)  g i v i n g  t h e  i s o q u i n o l i n e  ( 2 0 4 ) .  I t  i s  i n t e r e s t i n g  t o  n o t e  
t h a t  work-up  o f  t h e  n o n - b a s i c  m a t e r i a l  f rom t h i s  r e a c t i o n  a f f o r d e d  
n o t  t o l u e n e - 4 - s u l p h i n i c  a c i d  (207)  b u t  t h e  S - ( 4 - m e t h y l p h e n y l )  e s t e r  
o f  t o l u e n e - 4 - s u l p h o t h i o i c  a c i d  ( 2 0 8 ) .  T h i s  compound i s  r e p o r t e d ^ ^  t o  
r e s u l t  f rom d i s p r o p o r t i o n a t i o n  o f  t h e  a r o m a t i c  s u l p h i n i c  a c i d  unde r  
a c i d  c o n d i t i o n s .
The i s o q u i n o l i n e  (204)  was d i s s o l v e d  i n  a c e t o n e  and t r e a t e d  
w i t h  i o d om e tha ne .  A p r e c i p i t a t e  o f  t h e  m e t h i o d i d e  s a l t  (199)  formed 
i n s t a n t a n e o u s l y ,  and t h i s  was c o l l e c t e d  and r e c r y s t a l l i s e d .  The 
o v e r a l l  y i e l d  o f  m e t h i o d i d e  (199)  f rom a c e t a l  (201)  was 61%.
The t h i r d  i s o q u i n o l i n e  s y n t h e s i s  u sed  i n  t h i s  t h e s i s  was t h a t  
r e p o r t e d  by W atanabe^^ .  T r e a t m e n t  o f  t h e  a c e t a l  (201)  w i t h  c o ld  
c h l o r o s u l p h o n i c  a c i d  l e d  d i r e c t l y  t o  t h e  i s o q u i n o l i n e  ( 2 0 4 ) .  The 














p roved  t o  be t h e  method o f  c h o i c e .
2 - M e t h y l - 6 , 7 - d i m e t h o x y i s o q u i n o l i n i u m  i o d i d e  (199)  was t h o r o u g h l y  
d r i e d  i n  vacuo  and r e d u c e d  w i t h  l i t h i u m  alumin ium h y d r i B e .  The 
r e s u l t a n t  s o l u t i o n  o f  t h e  1 , 2 - d i h y d r o i s o q u i n o l i n e  (209)'  
was t r e a t e d  w i t h  N ,N ' - d i c y c l o h e x y l c a r b o d i i m i d e  and t h e n  w i t h
3 ,4 - d im e th o x y p h e n y l a c e t i c  a c i d  ( 7 0 ) .  Work-up o f  t h e  r e a c t i o n  a f f o r d e d
2 - m e t h y l - 4 - ( 3 , 4 - d i m e t h o x y p h e n y l a c e t y l ) - 6 , 7 - d i m e t h o x y - l , 2 - d i h y d r o i s o ­
q u i n o l i n e  ( 1 9 7 ) .
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CHoO
C H 3 O
LAH C H 3 O
(199)
C H 2 C O O H
( 7 0 )
CH 3 O
(197)
The c y c l i c  vo l tanmogram  ( f i g u r e  14) o f  (197)  shows t h r e e  
o x i d a t i v e  peaks  a t  a n o d ic  p o t e n t i a l s  o f  + 0 . 5 5 ,  0 . 8  and 1 .2  v o l t s .
T h i s  compound i s  t h u s  more a c t i v e  e l e c t r o c h e m i c a l l y  t h a n  t h e  i n d o l e  
(73 )  which o n l y  showed a r e d o x  c o u p le  a t  + 1 .2  v o l t s  i n  t h e  c y c l i c  
vo l tamm ogram . The s u b s t r a t e  (197)  was e l e c t r o l y s e d  a t  an anode 
p o t e n t i a l  o f  + 1 .2  v o l t s  u n t i l  t h e  c u r r e n t  had d ropped  t o  be low 
10mA. The r e s u l t  was a b l a c k  t a r  f rom which no p r o d u c t s  were i s o l a t e d  
The mass s p e c t r u m  o f  t h e  t a r  showed a m ajo r  peak  a t  / e 207 and we 
s p e c u l a t e  t h a t  t h i s  i s  due t o  2 - m e t h y T - 6 , 7 - d i m e t h o x y - l , 2 , 3 , 4 - t e t r a -
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h y d r o i s o q u i n o l i n e  ( 2 1 0 ) .  The q u e s t i o n  o f  how t h i s  p r o d u c t  i s  formed 
r e m a i n s  u n s o l v e d  f o r  b o t h  f r a g m e n t a t i o n  o f  t h e  s u b s t i t u e n t  i n  t h e
4 - p o s i t i o n  and r e d u c t i o n ,  o r  d i s p r o p o r t i o n a t i o n ,  o f  t h e  p r o d u c t  
r a d i c a l  i s  r e q u i r e d .
The e l e c t r o l y s i s  was r e p e a t e d  a t  t h e  lower p o t e n t i a l  o f  + 0 . 8  
v o l t s ,  b u t  a g a i n  o n l y  a t a r r y  m i x t u r e  o f  p r o d u c t s  r e s u l t e d .  T h i s  
c o n t r a s t s  s h a r p l y  w i t h  t h e  b e h a v i o u r  o f  t h e  i n d o l e  (73)  which  i s  
r e t u r n e d  unchanged  on e l e c t r o l y s i s .  The peak  a t  + 1 .2  v o l t s  i n  t h e  
c y c l i c  voltammogram ( f i g u r e  14) i s  due t o  i o n i s a t i o n  o f  t h e  
d im e th o x y p h e n y 1 r i n g  b u t  i t  i s  d i f f i c u l t  t o  e x p l a i n  t h e  o r i g i n  o f  
t h e  o t h e r  two p e a k s .  P re sum ab ly  one peak  must  be due t o  o x i d a t i o n  
o f  t h e  n i t r o g e n  lone  p a i r  o f  e l e c t r o n s ,  b u t  t h i s  was u n e x p e c t e d  s i n c e  
t h e  n i t r o g e n  i s  p a r t  o f  t h e  v i n y l o g o u s  amide ch romophore;  m o re o v e r ,  
t h e  compound i s  known t o  be n o n - b a s i c  b e c a u s e  i t  moves up a s i l i c a  
t h i n  l a y e r  c h ro m a to g ra p h y  p l a t e  i n  low p o l a r i t y  s o l v e n t s  such a s  
e t h e r  and d i c h 1 e r o m e t h a n e . I n  v i e w  o f  t h i s ,  f a c i l e  o x i d a t i o n  o f  t h e  
n i t r o g e n  lo n e  p a i r  would n o t  have  been  p r e d i c t e d .
C H 3 0 k J J - ^ N C H 3
( 210)
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F ig u re  14
C y c l i c  Voltammogram o f  2 - M e t h y l - 4 - ( 3 , 4 - d i m e t h o x y p h e n y l a c e t y l ) - 6 , 7- 
d i m e t h o x y - 1 , 2 - d i h y d r o i s o q u i n o l i n e  (197)
volts
S e v e r a l  a t t e m p t s  were  made t o  s jm t h e s i a c  2 - m e t h y l - 4 - ( 3 , 4 -d im e th oxy-  
p h e n y l p r o p a n o y l ) - 6 , 7 - d i m e t h o x y - l , 2 - d i h y d r o i s o q u i n o l i n e  (198)  b u t  none 
was s u c c e s s f u l .  The 1 , 2 - d i h y d r o i s o q u i n o l i n e  (209)  was p r e p a r e d  as  
b e f o r e  and t h e n  t r e a t e d  w i t h  N ,N ' - d i c y c l o h e x y l c a r b o d i i m i d e ,  and
3 , 4 - d i m e t h o x y p h e n y l p r o p a n o i c  a c i d  ( 1 3 3 ) .  Work-up o f  t h e  r e a c t i o n  





58N , N ' - D i c y c l o h e x y l c a r b o d i i m i d e  r e a c t s  w i t h  a c i d s  fo rm ing
0 - a c y l i s o u r e a s  ( 2 1 2 ) .  These can be c a p t u r e d  by  a l c o h o l s  o r  amine
n u c l e o p h i l e s ,  or  t h e y  can  r e a c t  w i t h  more a c i d  t o  g i v e  s y m m e t r i c a l
a n h y d r i d e s  ( 2 1 3 ) .  The l a t t e r  can  t h e n  r e a c t  w i t h  t h e  n u c l e o p h i l e s .
One m a jo r  d i s a d v a n t a g e  i n  t h e  use  o f  t h e  r e a g e n t  i s  c o m p e t i t i v e
i n t r a m o l e c u l a r  r e a r r a n g e m e n t  o f  t h e  r e a c t i v e  0 - a c y l i s o u r e a  (212)
59t o  t h e  i n e r t  N - a c y l u r e a  (211 ,  scheme 24)  . The r e a r r a n g e m e n t
r e a c t i o n  can  l a r g e l y  be a v o id e d  by i n t e r c e p t i o n  o f  t h e  0 - a c y l i s o u r e a  
(212)  w i t h  l - h y d r o x y b e n z o t r i a z o l e  ( 2 1 4 ) ^ ^ .  The e s t e r  (215)  so formed 
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The 1 , 2 - d i h y d r o i s o q u i n o l i n e  (209)  was p r e p a r e d  a g a i n  and t h e n  
t r e a t e d  w i t h  3 , 4 - d i m e t h o x y p h e n y l p r o p a n o i c  a c i d  ( 1 5 3 ) ,  1 - h y d ro b e n z o -  
t r i a z o l e  (214)  and N , N ' - d i c y c l o h e x y l c a r b o d i i m i d e . On work-up  a gum 
was o b t a i n e d  and t h i s  was t r i t u r a t e d  w i t h  e t h a n o l .  C r y s t a l l i s a t i o n  
c o u l d  n o t  be in d u ce d  by t r i t u r a t i o n  and so  t h e  gum was s e p a r a t e d  
i n t o  b a s i c  and n o n - b a s i c  c om ponen t s .  The b a s i c  f r a c t i o n  was shown 
t o  c o n t a i n  t h e  t e t r a h y d r o i s o q u i n o l i n e  (210)  and a l s o  i n t r a c t a b l e  
p o l y m e r i c  m a t e r i a l .  The mass s p e c t r u m  a t  an i o n i s i n g  e n e r g y  o f  10 
e l e c t r o n  v o l t s  showed a  pe a k  a t  ^ / e  207,  b u t  a t  70 e l e c t r o n  v o l t s
Scheme 25
(2 1 0 )  m /e  207
NCHCH 3 O
m / e  2 0 6
o r
C H 3 0
^ N C H g
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t h e  m a jo r  peak  was a t  e 206 .  The l o s s  o f  a h y d ro g e n  atom from t h e
1- o r  t h e  3 - p o s i t i o n  i n  t h e  h i g h  e n e r g y  s p e c t r u m  i s  c h a r a c t e r i s t i c  o f  
a t e t r a h y d r o i s o q u i n o l i n e  (scheme 2 5 ) .
The n o n - b a s i c  f r a c t i o n  was found t o  c o n s i s t  m a i n l y  o f  e t h y l
3 , 4 - d i m e t h o x y p h e n y l p r o p a n o a t e  (216)  and so t h e  t r i a z o l e  e s t e r  (215)  
had  f a i l e d  t o  a c y l a t e  t h e  1 , 2 - d i h y d r o i s o q u i n o l i n e  (209)  and had  
r e m a in e d  i n t a c t  u n t i l  t h e  p r o d u c t  was t r i t u r a t e d  w i t h  e t h a n o l .  The 
e t h a n o l  a c t e d  as  a n u c l e o p h i l e  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  t h e  e t h y l  
e s t e r  (216)  and l - h y d r o x y b e n z o t r i a z o l e  ( 2 1 4 ) .  The t r i a z o l e  (214)  was 
n o t  found i n  e i t h e r  o f  t h e  above two f r a c t i o n s  s i n c e  i t  i s  w a t e r  
s o l u b l e  and was removed when t h e  o r g a n i c  s o l u t i o n s  were washed .
EtOH
COOCoHc
( 2 1 6 )
I n  a f i n a l  a t t e m p t  t o  s y n t h e s i s e  ( 1 9 8 ) ,  t h e  c l a s s i c a l  r o u t e ^ ^  
t o  4 - a c y l - l , 2 - d i h y d r o i s o q u i n o l i n e s  was employed .  The 1 , 2 - d i h y d r o ­
i s o q u i n o l i n e  (209)  was p r e p a r e d  as  above and t h e n  t r e a t e d  w i t h
3 ,4 - d i m e t h o x y p h e n y l p r o p a n o y l  c h l o r i d e  (149 )  i n  t h e  p r e s e n c e  o f  a 
m o la r  e q u i v a l e n t  o f  t r i e t h y l a m i n e . A f t e r  work -up  a gum was o b t a i n e d ;  
t h i n  l a y e r  c h ro m a to g r a p h y  showed t h e  p r e s e n c e  o f  many com ponen t s .
None o f  t h e  p r o d u c t s  c o u ld  be " i d e n t i f i e d ,  b u t  mass s p e c t r o m e t r y  a g a i n
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i n d i c a t e d  t h e  p r e s e n c e  o f  t h e  t e t r a h y d r o i s o q u i n o l i n e  ( 2 1 0 ) .
A l l  t h r e e  o f  t h e s e  s y n t h e t i c  r o u t e s  which  a r e  recommended 
i n  t h e  l i t e r a t u r e  ha v e  h e r e  f a i l e d  t o  e f f e c t  a c y l a t i o n  o f  2 - m e t h y l - 6 , 7- 
d i m e t h o x y - 1 , 2 - d i h y d r o i s o q u i n o l i n e  ( 2 0 9 ) .  No e x p l a n a t i o n  can  be o f f e r e d  
f o r  t h e  a p p a r e n t  d i f f e r e n c e  i n  b e h a v i o u r  b e tw e en  t h e  p h e n y l a c e t y l  and 
t h e  p h e n y l p r o p a n o y l  d e r i v a t i v e s .
The l a s t  s e r i e s  o f  o x i d a t i o n s  t o  be c a r r i e d  o u t  i n  t h i s  t h e s i s  
i n v o l v e d  t h e  two homologous 4 - s u b s t i t u t e d  t e t r a h y d r o i s o q u i n o l i n e s  
(220)  and ( 2 3 3 ) .  M i l l e r ^ ^  h a s  o x i d i s e d  t h e  1 - b e n z y l  compound 
l a n d a n o s i n e  (101)  t o  0 - m e t h y l f l a v i n a n t i n e  ( 1 0 2 ) ,  and S a i n s b u r y  and 
N a j a f i ^ ^  ha v e  o x i d i s e d  t h e  1 - p h e n e t h y l  d e r i v a t i v e  (105)  t o  t h e  t e t r a ­
c y c l i c  s a l t  ( 1 0 6 ) .  The h y d r o c h l o r i d e  s a l t  o f  t h e  4 - b e n z y l  isom er  (103)  
o f  l a n d a n o s i n e  h a s  been  o x i d i s e d  t o  t h e  4 - b e n z y l i d e n e - 3 , 4 - d i h y d r o -  















To c om ple te  t h i s  group  o f  a n o d i c  r e a c t i o n s  2 - m e t h y l - 4 - ( 3 , 4 -  
dime th oxyphene  t h y l )  - 6 ,  7 - d im e th o x y -  1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  (233)  
was p r e p a r e d  and s u b j e c t e d  t o  e l e c t r o c h e m i c a l  o x i d a t i o n .  Compound 
(103)  ha d  been  o x i d i s e d  i n  t h e  form o f  t h e  h y d r o c h l o r i d e  s a l t  i n  o r d e r  
t o  p r e v e n t  t h e  o x i d a t i o n  o f  t h e  n i t r o g e n  l o n e  p a i r  o f  e l e c t r o n s ,  and 
no c o u p l i n g  was o b s e r v e d  i n  t h e  p r o d u c t .  I n  v iew  o f  M i l l e r ' s ^ ^  
comments c o n c e r n i n g  t h e  f a v o u r a b l e  a n c h i m e r i c  a s s i s t a n c e  o f  t h e  lone  
p a i r  e l e c t r o n s  i n  t h e  low p o t e n t i a l  o x i d a t i o n  o f  l a n d a n o s i n e  i t  was 
d e c i d e d  t o  r e p e a t  t h e  o x i d a t i o n  o f  (103 )  b u t  t h i s  t im e  t o  use t h e  
f r e e  b a s e  (220)  i n s t e a d  o f  t h e  h y d r o c h l o r i d e  s a l t .
B o b b i t t ^ ^  h a s  d e s c r i b e d  a s im p l e  and v e r s a t i l e  s y n t h e s i s  o f
4 - b e n z y l i s o q u i n o l i n e s . The b e n z y l a m i n o a c e t a l  (201)  was c y c l i s e d  by 
b o i l i n g  w i t h  6N h y d r o c h l o r i c  a c i d .  The r e s u l t a n t  1 , 2 - d i h y d r o i s o ­
q u i n o l i n e  was t r a p p e d  s i t u  w i t h  an  e x c e s s  o f  3 , 4 - d i m e t h o x y b e n z ­
a l d e h y d e  (150)  r e s u l t i n g  i n  t h e  4 - b e n z y l i d e n e - l , 4 - d i h y d r o i s o q u i n o l i n e  
s a l t  ( 2 1 7 ) .  T r e a tm e n t  o f  t h i s  s a l t  (217)  w i t h  b a s e  e f f e c t e d  a 
t a u t o m e r i c  change  t o  g iv e  4 - ( 3 , 4 - d i m e t h o x y b e n z y l ) - 6 , 7 - d i m e t h o x y i s o ­
q u i n o l i n e  ( 2 1 8 ) .  T h i s  compound was i s o l a t e d  and p u r i f i e d  a s  t h e  
m e t h i o d i d e  s a l t  (219)  by t r e a t m e n t  w i t h  iodomethane  i n  a c e t o n e ,  and 
t h e n  r e d u c e d  w i t h  sodium b o r o h y d r i d e  t o  g iv e  t h e  t e t r a h y d r o i s o q u i n o l i n e  
( 2 2 0 ) .  T h i s  compound was p u r i f i e d  by column ch ro m a to g ra p h y  on b a s i c  
























The c y c l i c  vol tammogram ( f i g u r e  15) o f  (220)  shows t h r e e  
o x i d a t i v e  p e a k s .  The f i r s t ,  a t  a p o t e n t i a l  o f  + 0 . 7  v o l t s  c o r r e s p o n d s  
t o  o x i d a t i o n  o f  t h e  n i t r o g e n  lone  p a i r  o f  e l e c t r o n s .  The s e c o n d ,  a t  
+ 1 .35  v o l t s  i s  due t o  i o n i s a t i o n  o f  t h e  d im e th o x y p h e n y l  r i n g ,  and t h e  
t h i r d ,  a t  + 1 .5  v o l t s  i s  a t t r i b u t a b l e  t o  i o n i s a t i o n  o f  t h e  d im e thoxy -  
i s o q u i n o l i n e  r i n g .
F i g u r e  15
C y c l i c  Voltammogram o f  2 - M e t h y l - 4 ~ ( 3 , 4 - d i m e t h o x y b e n z y l ) - 6 , 7 - d i m e t h o x y -
1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  ( 2 2 0 )
volts
The s u b s t r a t e  (220)  was e l e c t r o l y s e d  a t  an anode  p o t e n t i a l  o f
-1+ 0 . 8  v o l t s  u n t i l  t h e  c u r r e n t  had  d ropped  t o  be low 10mA and 2 .2 F .m o l  
o f  c h a r g e  had been  consumed. D u r in g  t h e  e l e c t r o l y s i s  t h e  a n o l y t e  was 
s t i r r e d  w i t h  anhyd rous  sodium c a r b o n a t e  t o  p r e v e n t  t h e  e l e c t r o l y t e  f rom 
becoming a c i d i c  and i n h i b i t i n g  o x i d a t i o n  o f  t h e  n i t r o g e n  lone  p a i r  o f  
e l e c t r o n s  by p r o t o n a t i o n .  Work-up o f  t h e  r e a c t i o n  gave a  b l a c k  s o l i d  
which  was found t o  be o n l y  p a r t i a l l y  s o l u b l e  i n  a c e t o n e .  The a c e t o n e -
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i n s o l u b l e  m a t e r i a l  was c o l l e c t e d  and shown t o  be t h e  m e t h o p e r c h l o r a t e  
s a l t  (221)  c o u p le d  be tw een  t h e  6 - p o s i t i o n  o f  t h e  3 ,4 - d im e th o x y b e n z y I  
s u b s t i t u e n t  and t h e  n i t r o g e n  atom i n  t h e  t e t r a h y d r o i s o q u i n o l i n e  r i n g .
The 'H n . m . r .  s p e c t r u m  o f  t h e  p r o d u c t  shows f o u r  s i n g l e t  peaks  i n  t h e  
a r o m a t i c  r e g i o n .  The f o u r  methoxy  g roups  and t h e  N -m ethy l  group g i v e  
r i s e  t o  f i v e  s i n g l e t  peaks  c l o s e  t o g e t h e r  i n  t h e  3 . 6  -  3 . 9  ppm r e g i o n .  
The n o n - e q u i v a l e n c e  o f  t h e  two p r o t o n s  i n  t h e  1 - p o s i t i o n  o f  t h e  
i s o q u i n o l i n e  r i n g  c a u s e s  gerainal  c o u p l i n g  t o  o c c u r  and two one p r o t o n  
d o u b l e t s  a r e  s e e n  a t  4 . 7 6  and 5 .0 2  ppm each  w i t h  a  c o u p l i n g  c o n s t a n t  
o f  14 Hz. A two p r o t o n  d o u b l e t  a t  3 .1 8  ppm o f  c o u p l i n g  c o n s t a n t  4Hz 
i s  a t t r i b u t a b l e  t o  t h e  m e t h y le n e  g roup  a t  t h e  3 - p o s i t i o n .  A f u r t h e r  
two p r o t o n  d o u b l e t  a t  3 .3 7  ppm w i t h  a c o u p l i n g  c o n s t a n t  o f  2 Hz i s  due 
t o  t h e  b e n z y l i c  m e t h y le n e  g r oup .  The protjon i n  t h e  4 - p o s i t i o n  r e s o n a t e s  
a t  4 . 0 8  ppm and i s  s e e n  a s  a  b r o a d ,  p o o r l y  r e s o l v e d  peak  due t o  c o u p l i n g  
w i t h  t h e  two a d j a c e n t  m e t h y le n e  g r o u p s .  Homonuclear  d e c o u p l i n g  e x p e r i ­
ments  were c a r r i e d  o u t  t o  a i d  i n t e r p r e t a t i o n  o f  t h e  s p e c t r u m .
I r r a d i a t i o n  a t  t h e  f r e q u e n c y  c o r r e s p o n d i n g  t o  4 . 0 8  ppm c a u se d  t h e  two 
d o u b l e t s  a t  3 .1 8  and 3 .3 7  ppm t o  c o l l a p s e  t o  s i n g l e t s ,  p r o v i n g  them 
b o t h  t o  be c o u p le d  t o  t h e  p r o t o n  i n  t h e  4 - p o s i t i o n .  I r r a d i a t i o n  a t
3 .1 8  ppm c a u se d  t h e  s i g n a l  a t  4 . 0 8  ppm t o  become a t r i p l e t  w i t h  a 
c o u p l i n g  c o n s t a n t  o f  2 Hz,  c o r r e s p o n d i n g  t o  v i c i n a l  c o u p l i n g  w i t h  t h e  
two p r o t o n s  r e s o n a t i n g  a t  3 .3 7  ppm.
For  t h i s ,  and o t h e r  t e t r a h y d r o i s o q u i n o l i n e  d e r i v a t i v e s ,  t h e
13 C n . m . r .  s p e c t r u m  was found  t o  be o f  g r e a t  v a l u e  i n  c o n f i r m i n g  
s t r u c t u r e s .  For  t h i s  compound t h e r e  a r e  f i v e  q u a r t e t s  i n  t h e  a l i p h a t i c  
r e g i o n  due t o  t h e  f i v e  m e th y l  g r o u p s ,  and t h r e e  t r i p l e t s  and one 
d o u b l e t  c o r r e s p o n d i n g  t o  t h e  t h r e e  m e t h y le n e  g roups  and t h e  one 
methyne g roup .  I n  t h e  a r o m a t i c  r e g i o n  t h e r e  a r e  f o u r  s i n g l e t s  due t o
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t h e  f o u r  c a r b o n  atoms a t  t h e  p o i n t s  o f  r i n g  f u s i o n ,  and f o u r  d o u b l e t s  
c o r r e s p o n d i n g  t o  t h e  f o u r  a toms a t t a c h e d  t o  t h e  a r o m a t i c  p r o t o n s .
There  a r e  a l s o  f o u r  s i n g l e t  s i g n a l s  o f  g r e a t e r  c h e m i c a l  s h i f t  and 
t h e s e  a r e  due t o  t h e  a r o m a t i c  c a r b o n  atoms c a r r y i n g  t h e  methoxy g roups  
The mass s p e c t r u m  h a s  a  b a s e  peak  a t  (M-1) c h a r a c t e r i s t i c  o f  a 
t e t r a h y d r o i s o q u i n o l i n e  and t h e r e  i s  a l s o  a m a jo r  peak  a t  (M-15) 
c o r r e s p o n d i n g  t o  l o s s  o f  t h e  m e t h y l  group from t h e  n i t r o g e n .
C H 3 0
C H 3 0
( 2 2 1 )
C I O / , -
M i l l e r ' s ^ ^  r e s u l t s  w i t h  l a u d a n o s i n e  (101)  d e m o n s t r a t e d  t h a t  t h e  
same r e a c t i o n  c o u l d  be b r o u g h t  a b o u t  by o x i d a t i o n  o f  t h e  d i m e th o x y p h e n y l  
r i n g  r a t h e r  t h a n  by o x i d a t i o n  o f  t h e  n i t r o g e n  l o n e  p a i r  o f  e l e c t r o n s .
I n  t h e  e x p e r i m e n t  d e s c r i b e d  above  t h e  r e s u l t s  f o r  (103)  and (220)  show 
t h a t  an i n t r a m o l e c u l a r  c o u p l i n g  r e a c t i o n  i s  i n i t i a t e d  by o x i d a t i o n  o f  
t h e  n i t r o g e n  l o n e  p a i r ,  w h e r e a s  i o n i s a t i o n  o f  t h b  d im e th o x y p h e n y l  r i n g  
i n  t h e  s a l t  (103)  l e a d s  o n l y  t o  o x i d a t i o n  o f  t h e  m o l e c u l a r  s k e l e t o n  
w i t h o u t  any c o u p l i n g .
The f i r s t  s t e p  i n  t h e  s y n t h e s i s  o f  2 - m e t h y l - 4 - ( 3 ,4 - d i m e t h o x y -  
p h e n e t h y l ) - 6 , 7 - d i m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  (233)  was t h e  
c y c l i s a t i o n  o f  t h e  b e n z y l a m i n o a c e t a l  ( 2 0 1 ) i n  h o t  h y d r o c h l o r i c  a c i d  i n
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t h e  p r e s e n c e  o f  3 , 4 - d im e th o x y p h e n y I g ly o x a l  ( 2 2 5 ) .  The g l y o x a l  was 
p r e p a r e d  by o x i d a t i o n  o f  3 ,4 -d im e th o x y b r o m a c e to p h e n o n e  (224)  which 
i t s e l f  was o b t a i n e d  by t h e  b r o m i n a t i o n  o f  3 , 4 -d im e th o x y a c e to p h e n o n e  
( 2 2 2 ) .
3 ,4 - D im e th o x y a c e to p h e n o n e  (222)  was f i r s t ^ ^  p r e p a r e d  i n  62% 
y i e l d  by t h e  F r i e d e l - C r a f t s  a c y l a t i o n  o f  v e r a t r o l e  (136)  w i t h  a c e t y l  
c h l o r i d e  i n  c a rb o n  d i s u l p h i d e .  The use  o f  benzene  as  s o l v e n t ,  however ,  
i s  r e p o r t e d ^ ^  t o  improve  t h e  r e a c t i o n  y i e l d  t o  95%. A c e t y l  c h l o r i d e  
was added d r o p w ise  t o  a  m i x t u r e  o f  a lu m in ium  c h l o r i d e  and v e r a t r o l e  
(136)  i n  d r y  b e n z e n e .  Work-up o f  t h e  r e a c t i o n  and vacuum d i s t i l l a t i o n  
o f  t h e  r e s i d u a l  o i l  a f f o r d e d  3 ,4 - d i m e t h o x y a c e t o p h e n o n e  (222)  i n  94% 
y i e l d .
CH3COCI ^  C H 3 0 f ^ C O C H 3
^  CH 3 0 ^ J
(136) (2 2 2 )
The o r i g i n a l  s y n t h e s i s ^ ^  o f  3 ,4 -d im e th o x y b r o m o a c e to p h e n o n e  (224)  
by t h e  t r e a t m e n t  o f  3 , 4 - d i m e t h o x y a c e t o p h e n o n e  ^ T th  bromine  i n  c h l o r o f o r m  
was a t t e m p t e d  b u t  a m i x t u r e  o f  s t a r t i n g  m a t e r i a l  ( 2 2 2 ) ,  some p r o d u c t
( 2 2 4 ) ,  and t a r  r e s u l t e d .  An o r a n g e  c r y s t a l l i n e  p r e c i p i t a t e  was s e e n  t o  
form d u r i n g  t h e  c o u r s e  o f  t h e  p r e p a r a t i o n ,  b u t  t h i s  d i s a p p e a r e d  b e f o r e  
t h e  r e a c t i o n  was c o m p l e t e .  On a  l a t e r  o c c a s i o n  t h e  o ra n g e  s o l i d  was 
c o l l e c t e d  by t e r m i n a t i n g  t h e  r e a c t i o n  p r e m a t u r e l y  and i t  was shown t o  
be 3 ,4 - d im e th o x y d i b r o m o a c e t o p h e n o n e  ( 2 2 3 ) .  T h i s  compound was u n s t a b l e
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and decomposed r a p i d l y  on e x p o s u r e  t o  m o i s t u r e  i n  t h e  a i r  w i t h  t h e  
e v o l u t i o n  o f  h y d ro g en  bromide  fumes l e a v i n g  a b l a c k  t a r ,  and t h i s  
e x p l a i n s  t h e  p rob lem  e n c o u n t e r e d  i n  t h e  e a r l i e r  p r e p a r a t i o n .
CH30(^ ^ C 0 CHBr2
( 2 2 3 )
F u j i i ^ ^  r e p o r t s  s i m i l a r  d i f f i c u l t i e s  e x p e r i e n c e d  i n  t h e  p r e p a r a ­
t i o n  o f  3 ,4 - d im e th o x y b r o m o a c e to p h e n o n e  and s t a t e s  t h a t  t h e  r e a c t i o n  
y i e l d  can  be c o n s i d e r a b l y  enha nce d  by t h e  use  o f  a  s o l v e n t  m i x t u r e  o f  
e t h e r  and c h l o r o f o r m  ( 5 : 3 )  i n s t e a d  o f  c h l o r o f o r m  a l o n e .  T h i s  p r e p a r a ­
t i o n  was f o l l o w e d  and t h e  r e q u i r e d  p r o d u c t  (224)  was formed i n  91% y i e l d
CHaOf^COCHs Q  CH3 0 f i ^ C 0 CH2 Br
^  CH 3 0 k J J
( 2 2 2 )  ( 2 2 4 )
T r e a tm e n t  o f  3 ,4 - d im e th o x y b r o m o a c e to p h e n o n e  (224)  w i t h  s e l e n i u m  
d i o x i d e  i s  r e p o r t e d ^ ^  t o  b r i n g  a b o u t  o x i d a t i o n  t o  t h e  g l y o x a l  (225)  
b u t  a b e t t e r  method^^  i s  t h e  u s e  o f  N , N - d i e t h y l h y d r o x y l a m i n e  as
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o x i d a n t .  Thus a s o l u t i o n  o f  t h e  bromo compound (224)  and N , N - d i e t h y l -  
h y d r o x y la m in e  i n  m e th a n o l  was h e a t e d  under  r e f l u x  f o r  2 . 5  h o u r s .  The 
s o l v e n t  was e v a p o r a t e d  and t h e  r e s i d u e  t r e a t e d  w i t h  e t h e r  t o  p r e c i p i ­
t a t e  d i e t h y l a m i n e  hyd rob rom ide  which  was removed by f i l t r a t i o n .  The 
f i l t r a t e  was e v a p o r a t e d  t o  l e a v e  3 , 4 - d i m e t h o x y p h e n y l g l y o x a l  (225)  as  
a r e d  o i l .  The g l y o x a l  i s  u n s t a b l e  and so i t  was t r e a t e d  w i t h  e t h a n o l  
and i s o l a t e d  a s  t h e  e t h y l  h e m i a c e t a l  ( 2 2 6 ) .  The g l y o x a l  can  be 
r e g e n e r a t e d  from t h e  h e m i a c e t a l  as  r e q u i r e d  s im p ly  by h e a t i n g  above 
t h e  m e l t i n g  p o i n t .
C H 3  0  OC CH 3  0  0  C H 0
C H 3 o k ^  Et2N0H
( 2 2 4 )  ( 2 2 5 )
EtOH
CB 3 0 ) OC 2 H 5
C H 3 0 k ^  
( 2 2 6 )
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3 , 4 -D im e th o x y b e n z y l a m i n o a c e t a l d e h y d e  d i m e t h y l a c e t a l  (201)  was 
added  t o  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and warmed t o  8 0 ° .  The a c e t a l  
was h y d r o l y s e d  by t h e  a c i d ;  i t  t h e n  c y c l i s e d  and was d e h y d r a t e d  t o  g i v e  
a r e a c t i v e  1 , 2 - d i h y d r o i s o q u i n o l i n e .  M o l te n  3 , 4 - d i m e t h o x y p h e n y l g l y o x a l
(225)  was added t o  t h e  r e a c t i o n  and t h i s  a c t e d  a s  an e l e c t r o p h i l e  
t r a p p i n g  t h e  1 , 2 - d i h y d r o i s o q u i n o l i n e  and g i v i n g  r i s e  t o  4 - ( 3 , 4 - d i m e t h -  
o x y p h e n a c y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o l i n e  h y d r o c h l o r i d e  (227)  a f t e r  a c i d  
c a t a l y s e d  d e h y d r a t i o n  and . R e d u c t i o n  o f  t h i s  s a l t  w i t h
sodium b o r o h y d r i d e  i n  e t h a n o l  gave t h e  f r e e  b a s e  ( 2 2 8 ) ,  and t h i s  was 
d i s s o l v e d  i n  c h l o r o f o r m  and t r e a t e d  w i t h  h y d r o g e n  c h l o r i d e  t o  b r i n g  
a b o u t  d e h y d r a t i o n  g i v i n g  4 - ( 3 , 4 - d i m e t h o x y s t y r y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o ­
l i n e  h y d r o c h o r i d e  ( 2 2 5 ) .
141





( 2 2 8 )
HCl
CHsOfCï^COCHO
C H ^ O
NaBH^
C H 3 O
CH 3 O
(2 2 5 )









In  t h e  l i t e r a t u r e  s y n t h e s i s ^ ^  o f  t h e  4 - p h e n e t h y l t e t r a h y d r o i s o ­
q u i n o l i n e  ( 2 3 3 ) ,  t h e  s t y r e n e  h y d r o c h l o r i d e  (229 )  was c o n v e r t e d  t o  t h e  
p e r c h l o r a t e  s a l t  and was t h e n  h y d r o g e n a t e d .  However ,  i t  was found 
t h a t  t h e  h y d r o g e n a t i o n  s t e p  worked e q u a l l y  w e l l  w i t h  t h e  h y d r o c h l o r i d e  
s a l t  ( 2 2 9 ) .  The s a l t  was h y d r o g e n a t e d  ove r  Adams'  c a t a l y s t  t o  g i v e  
4 - ( 3 , 4 - d i m e t h o x y p h e n e t h y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o l i n e  h y d r o c h l o r i d e  
(230)  i n  90% y i e l d .  The f r e e  ba s e  (231)  was o b t a i n e d  by b a s e f i c a t i o n  
w i t h  ammonium h y d r o x i d e  s o l u t i o n ,  and was t h e n  t r e a t e d  w i t h  iodomethane  
i n  a c e t o n e  t o  form t h e  m e t h i o d i d e  s a l t  ( 2 3 2 ) .  R e d u c t i o n  o f  t h i s  
m e t h i o d i d e  (232)  w i t h  sodium b o r o h y d r i d e  i n  e t h a n o l  a f f o r d e d  t h e  
r e q u i r e d  b a s e  2 - m e t h y l - 4 - ( 3 , 4 - d i m e t h o x y p h e n e t h y l ) - 6 , 7 - d i m e t h o x y -
1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  (233)  as  a c o l o u r l e s s  gum. The m a t e r i a l  
c o u ld  n o t  be c r y s t a l l i s e d  b u t  was shown by t h i n  I p y e r  ch ro m a to g ra p h y  
( a l u m i n a / e t h e r )  t o  be p u r e .
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(2 3 1 )
OCH;
o c h '
C H o O
CH3O
(2 3 3 )
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The c y c l i c  voltammogram ( f i g u r e  16) o f  (233)  shows t h r e e  
o x i d a t i v e  peaks  a t  p o t e n t i a l s  o f  + 0 . 7 5 ,  1 .2  and 1 .7  v o l t s ,  c o r r e s p o n d ­
i n g  t o  i o n i s a t i o n  o f  t h e  n i t r o g e n  lo n e  p a i r  o f  e l e c t r o n s ,  t h e  
d im e th o x y p h e n y l  r i n g ,  and t h e  d i m e t h o x y i s o q u i n o l i n e  r i n g  r e s p e c t i v e l y .
The s u b s t r a t e  (233)  was e l e c t r o l y s e d  a t  a p o t e n t i a l  o f  + 1 .2  v o l t s ,
-1
and 4 . 1  F .m o l .  o f  c h a r g e  was consumed.  However ,  work-up  o f  t h e
a n o l y t e  gave a  brown t a r  f rom which no p r o d u c t s  c o u l d  be i s o l a t e d .
E l e c t r o l y s i s  a t  a p o t e n t i a l  o f  + 0 . 8  v o l t s ,  w i t h  t h e  c onsum pt ion  o f  
-1
1 .7  F .m o l .  o f  c h a r g e ,  a l s o  gave a t a r r y  r e s i d u e .  I n  bo th  o f  t h e s e  
e x p e r i m e n t s  t h e  a n o l y t e  was s t i r r e d  w i t h  sodium c a r b o n a t e  t o  p r e v e n t  
t h e  e l e c t r o l y t e  f rom becoming a c i d i c .
F i g u r e  16
C y c l i c  Voltammogram o f  2 - M e t h y l - 4 - ( 3 , 4 - d i m e t h o x y p h e n e t h y l ) - 6 , 7 -  
d i m e t h o x y - 1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  (233)
vo lts
The l a s t  e x p e r im e n t  t o  be c a r r i e d  o u t  i n  t h i s  t h e s i s  was t h e  
o x i d a t i o n  o f  2 - m e t h y l - 4 - ( 3 , 4 - d i m e t h o x y p h e n e t h y l ) - 6 , 7 - d i m e t h o x y - l , 2 , 3 , 4 -
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11t e t r a h y d r o i s o q u i n o l i n e  (233)  w i t h  t h a l l i u m  ( I I I )  t r i f l u o r o a c e t a t e
The s u b s t r a t e  (233)  was added t o  t h a l l i u m  t r i f l u o r o a c e t a t e  i n  a  m i x t u r e
o f  a c e t o n i t r i l e  and c a rb o n  t e t r a c h l o r i d e  a t  - 4 0 °  unde r  n i t r o g e n  and i n
48t h e  a b s e n c e  o f  l i g h t  , f o l l o w e d  by bo ron  t r i f l u o r i d e  e t h e r a t e .  A
s l u r r y  o f  d r y  i c e  i n  a c e t o n i t r i l e  p r o v i d e d  t h e  a p p r o p r i a t e  t e m p e r a t u r e
73c o n d i t i o n s  f o r  t h e  r e a c t i o n  , and t h e  a d d i t i o n  o f  b o r o n  t r i f l u o r i d e
e t h e r a t e  i s  e s s e n t i a l  f o r  o x i d a t i o n s  o f  t h i s  t y p e  c a r r i e d  o u t  i n  c a r b o n
74t e t r a c h l o r i d e  o r  a c e t o n i t r i l e  . The r e a c t i o n  m i x t u r e  was p a r t i a l l y  
e v a p o r a t e d  and t h e  r e s i d u e  t r e a t e d  w i t h  ammonium h y d r o x i d e  s o l u t i o n .
The o r g a n i c  m a t e r i a l  was e x t r a c t e d  w i t h  c h l o r o f o r m ,  and t h e  e x t r a c t  
e v a p o r a t e d  t o  l e a v e  a  brown s o l i d .  Th in  l a y e r  c h ro m a to g r a p h y  ( a l u m i n a /  
e t h e r )  showed t h a t  a l l  t h e  s t a r t i n g  m a t e r i a l  had  been  consumed and t h a t  
t h e r e  was one component  o f  h i g h e r  Rf  v a l u e  i n  a d d i t i o n  t o  i n t r a c t a b l e  
b a s e l i n e  m a t e r i a l .  A s h o r t  b a s i c  a lu m in a  co lumn,  e l u t e d  w i t h  e t h e r ,  
s e r v e d  t o  i s o l a t e  a  compound which  was shown t o  be t h e  t e t r a c y c l e  
(234)  formed by a  c o u p l i n g  r e a c t i o n  be tw een  t h e  4 - p o s i t i o n  o f  t h e  
t e t r a h y d r o i s o q u i n o l i n e  r i n g  and t h e  6 - p o s i t i o n  o f  t h e  d im e th o x y p h e n y l  
r i n g .
O C H 3
CH 3 0
N C H 3
( 2 3 4 )
146
The 'H n . m . r .  sp e c t ru m  o f  t h i s  compound e x h i b i t e d  t h r e e  one
p r o t o n  s i n g l e t s  i n  t h e  a r o m a t i c  r e g i o n .  The a l i p h a t i c  p o r t i o n  o f
13t h e  s p e c t r u m  was l e s s  c l e a r l y  d e f i n e d .  The C n . m . r .  spec t rum  
showed t h e  p r e s e n c e  o f  f i v e  a l i p h a t i c  m e t h y l  g r o u p s ,  f o u r  m e th y le n e  
g r o u p s ,  and one methyne  c a r b o n  atom. The a r o m a t i c  r e g i o n  showed 
t h r e e  d o u b l e t s  c o r r e s p o n d i n g  t o  t h e  c a rb o n  atoms i n  t h e  2 -  and 5-  
p o s i t i o n s  o f  t h e  d im e th o x y p h e n y l  r i n g  and t h e  8 - p o s i t i o n  o f  t h e  
i s o q u i n o l i n e  r i n g .  The mass s p e c t r u m  o f  t h e  p r o d u c t  was c h a r a c t e r i s t i c  
o f  a t e t r a h y d r o i s o q u i n o l i n e  w i t h  a m ajo r  f r a g m e n t a t i o n  peak  c o r r e s ­
pond ing  t o  t h e  f a c i l e  l o s s  o f  one h y d r o g e n  atom from t h e  m o le c u le
These r e s u l t s  may a g a i n  be i n t e r p r e t e d  i n  t e rm s  o f  t h e  Baldwin  
r u l e s ,  f o r  t h e  f o r m a t i o n  o f  0 - m e t h y l f l a v i n a n t i n e  ( 1 0 2 ) r a t h e r  t h a n  
t h e  s a l t  (235)  m^y be vi ew ed  as  t h e  o p e r a t i o n  o f  a  6 - E n d o - T r i g  as  
opposed  t o  a 5 - E n d o -T r i g  p r o c e s s .  However ,  w i t h  t h e  1 - p h e n e t h y l i s o -  
q u i n o l i n e  d e r i v a t i v e  (105)  t h e  s a l t  (106)  i s  formed a s  t h e  m ajo r  
p r o d u c t  v i a  a 6 - E n d o - T r i g  p r o c e s s  .
I n  t h e  4 - b e n z y l  s e r i e s  f o r m a t i o n  o f  t h e  c a t i o n  (221)  can  be 
c o n s i d e r e d  a s  a 6 - E n d o - T r i g  p r o c e s s .  The homologue (233)  on t h e  o t h e r  
hand  does  n o t  form a s a l t  a l t h o u g h  i t  c o u l d  have  done t h r o u g h  a 
f a v o u r e d  7 - E n d o -T r i g  t r a n s i t i o n  s t a t e .  I n s t e a d  i t  g i v e s  r i s e  t o  t h e  
h o m o is o a p o rp h in e  ( 2 3 4 ) .  H ere  i t  seems p o s s i b l e  t h a t  t h e  i n i t i a l  
p r o d u c t  o f  r e a c t i o n  i s  t h e  i n t e r m e d i a t e  (236)  w h ic h ,  t h ro u g h  r e a r r a n g e ­
m ent ,  a f f o r d s  t h e  h o m o is o a p o rp h in e  ( 2 3 4 ) .  I f  t h i s  i s  s o ,  t h e n  i n i t i a l  









S u p é r d r y  A c e t o n i t r i l e
A c e t o n i t r i l e  was d i s t i l l e d  tw i c e  from phosphorus  p e n t o x i d e  
"3(5 g.dm ) and a l l o w e d  t o  s t a n d  ove r  3A m o l e c u l a r  s i e v e s  ( a c t i v a t e d  
a t  250°  f o r  24 h o u r s )  f o r  one week, and t h e n  d e c a n t e d  o n t o  f r e s h  
a c t i v a t e d  s i e v e s  (50 g.dm f o r  a f u r t h e r  24 h o u r s .
3 , 3 ' , 4 , 4 * - T e t f a m e th o x y d e o x y b e n z o in  (143)
3 , 4 -D im e thoxypheny l a c e t i c  a c i d  (20 g,  0 . 1  mol)  was h e a t e d  under
3r e f l u x  w i t h  f r e s h l y  d i s t i l l e d  t h i o n y l  c h l o r i d e  ( 1 0  cm ) i n  d r y
3
benzene  (100 cm ) f o r  4 h o u r s . Removal o f  t h e  s o l v e n t  unde r  r e d u c e d
p r e s s u r e  gave 3 , 4 - d i m e t h o x y p h e n y l a c e t y l  c h l o r i d e  (142)  a s  a r e d  o i l
( 2 2  g ,  1 0 0 %) which  was u s e d  im m e d i a t e l y .
Aluminium c h l o r i d e  ( 1 4 . 7  g,  0 . 1 1  mol)  was added p o r t i o n w i s e  t o
a s o l u t i o n  o f  v e r a t r o l e  (136 ,  14 .15  g,  0 . 1  mol)  i n  d r y  d i c h l o r o m e t h a n e  
3(50 c m , ) .  Then was added d r o p w ise  a s o l u t i o n  o f  3 , 4 - d i m e t h o x y p h e n y l -
3a c e t y l  c h l o r i d e  ( 1 4 2 ,  2 2  g ,  0 . 1  mol)  i n  d r y  d i c h l o r o m e t h a n e  ( 2 0  cm ) .
The r e a c t i o n  m i x t u r e  was h e a t e d  under  r e f l u x  f o r  3 h o u r s  and t h e n  
c o o l e d  and pou red  o n t o  i c e  (300 g ) . A f t e r  a c i d i f i c a t i o n  w i t h  c o n c en -
3 -
t r a t e d  h y d r o c h l o r i c  a c i d  (50 cm ) t h e  m i x t u r e  was e x t r a c t e d  w i t h
3d i c h l o r o m e t h a n e  (3 x  50 cm ) .  The combined o r g a n i c  p h a s e s  were
■ 3washed w i t h  w a t e r  (50 cm ) and d r i e d  ove r  anhyd rous  sodium s u l p h a t e .  
Removal  o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e : g a v e  a s o l i d  which  was 
r e c r y s t a l l i s e d  t w i c e  from e t h a n o l  t o  g iv e  t h e  p r o d u c t  (143)  a s  p a l e  
y e l l o w  c r y s t a l s  (24  g,  74%) m.p.* 108° .  /
V max (cm ) : 1675 (C=0) _ . _
X max (nm ( l o g  e ) )  : 209 ( 4 . 3 3 ) ,  243 ( 4 . 2 9 ) ,  281 ( 4 . 0 3 ) ,  311 ( 3 . 8 8 )
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6  (ppm, CDClg) : 3 . 8  -  4 . 0  (12H, 4 s ,  4 x OCH^),
4 .1 8  (2H, s ,  CH^), 6 . 8  -  7 . 8  ( 6 H, complex ,  
a r o m a t i c s )
™/e : 316 (m"^), 179 (ArCOCH^), 165 (ArCO), 151 (ArCH^) 
M e t a s t a b l e  M̂  a t  8 6 .2  (316 ->■ 165)
A t t e m p te d  W o l f f - K i s h n e r  r e d u c t i o n  o f  (143)
A m i x t u r e  o f  3 , 3 ’ , 4 , 4 ' - t e t r a m e t h o x y d e o x y b e n z o i n  (143 ,  15 .8  g,
3
0 . 0 5  m o l ) ,  95% h y d r a z i n e  (12 cm ) and p o t a s s i u m  h y d r o x i d e  (20 g)  was
3h e a t e d  under  r e f l u x  i n  d i e t h y l e n e  g l y c o l  (200 cm ) f o r  4 h o u r s .  The
3s o l u t i o n  was c o o l e d ,  poured  i n t o  w a t e r  (600 cm ) and  e x t r a c t e d  w i t h  
e t h e r  (3 x 200 cm?) t o  r e t u r n  t h e  s t a r t i n g  m a t e r i a l  (143)  unchanged .
1 , 2 - B i s ( 3 , 4 - d i m e t h o x y p h e n y l ) e t h a n o l  (141)
3 , 3 ' , 4 , 4 ' - T e t r a m e th o x y d e o x y b e n z o in  (143 ,  0 . 5  g ,  1 . 6  mmol) was
3
s t i r r e d  f o r  4  days With sodium b o r o h y d r i d e  ( 0 . 4  g )  i n  e t h a n o l  (100 cm )
The s o l v e n t  was e v a p o r a t e d  under  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e
3
t r e a t e d  w i t h  w a t e r  (200 cm ) and e x t r a c t e d  w i t h  c h l o r o f o r m  (3 x 
100 cm?).  The combined o r g a n i c  p h a s e s  were washed w i t h  w a t e r  (50 cm^)
and d r i e d  ove r  anhyd rous  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t
under  r e d u c e d  p r e s s u r e  gave a w h i t e  powder ( 0 . 4 3  g ,  85%) m .p .  79 ° .
V max (cm ^) : 3520 (O-H)
X max ( n m ( l o g e ) )  : 211 ( 4 . 4 3 ) ,  234 ( 4 . 2 2 ) ,  284 ( 3 . 7 7 )
5 (ppm, CDClg) : 2 . 0 6  (IH,  s , :O H,  removed by d e u t e r a t i o n )
- 2 . 9 6  (2H, d ,  CH^, J  = 7H^) , 3 . 8 4  (12H, 2 s ,
' 4 X OCtt^), 4 . 8 2  ( m ,  t ,  CH, J  = 7H^) 6 .7  -  7 .0
( 6 H, com plex, a r o m a t ic s ) .
™/e : 318 (m' ^ ) ,  300_ (M-H^O) '
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3 , 3 * , 4 , 4 ' - T e t r a m e t h o x y s t i l b e n e  (137)
1 , 2 - B i s ( 3 , 4 - d i m e t h o x y p h e n y l )  e t h a n o l  (141 ,  0 . 2  g ,  0 . 6 3  mmol)
3was h e a t e d  unde r  r e f l u x  i n  g l a c i a l  a c e t i c  a c i d  (2 cm ) f o r  3 h o u r s  and
3t h e n  c o o le d  and d i l u t e d  w i t h  w a t e r  (4 cm ) .  The s o l i d  was c o l l e c t e d  
by f i l t r a t i o n  and r e c r y s t a l l i s e d  from m e th a n o l  a s  f i n e  w h i t e  n e e d l e s  
( 0 . 1 8  g ,  95%) m .p .  134°.
V max (cm ^) : 950 ( t r a n s  CH=CH)
X max (nm ( l o g  e ) )  : 214 ( 4 . 2 7 ) ,  238 ( 4 . 1 5 ) ,  339 (4 .3 7 )
6  (ppm, CDClg) : 3 .9 0  (12H, s ,  4 x OCHg), 6 . 8  -  7 .1  ( 8 H, complex ,  
a r o m a t i c s  and CH=CH)
™/e : 300 (M"^), 285 (M-CH3 )
3 , 3 * , 4 , 4 * - T e t r a m e t h o x y b i b e n z y l  (1)
3 , 3 * , 4 , 4 * - T e t r a m e t h o x y s t i l b e n e  (137 ,  3 . 0  g ,  0 . 0 1  mol)  was
3d i s s o l v e d  i n  e t h a n o l  (300 cm ) and h y d r o g e n a t e d  (2 a tm . )  f o r  24 h o u r s  
w i t h  10% p a l l a d i u m  on c a rb o n  ( 0 .1  g)  a s  c a t a l y s t .  F i l t r a t i o n  and 
rem oval  o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e ,  f o l l o w e d  by r e c r y s t a l l -  
a t i o n  from m e th a n o l  gave t h e  p r o d u c t  (1)  a s  w h i t e  r o d s  ( 2 .85  g,
94%) m.p .  107° ( l i t . ^  m .p .  1 0 9 - 1 1 0 ° ) .
V max (cm ^) : T40 ( a r o m a t i c  e t h e r )
X max (nm ( l o g  e ) )  : 210 ( 4 . 3 9 ) ,  234 ( 4 . 1 3 ) ,  285 ( 3 .6 8 )
6  (ppm, CDCI3 ) : 2 .8 2  (4H, s ,  CH^CH^), 3 .8 0  (12H, 2 s ,  4 x OCH3 ) ,
6 . 6  -  6 . 8  ( 6 H, complex ,  a r o m a t i c s )
7e : 302 (M^), 151 (ArCH^)m
Anodic o x i d a t i o n  o f  3 , 3 *, 4 , 4 * - t e t r a m e t h o x y b i b e n z y l  (1)
(a)  3 , 3 * , 4 , 4 * - T e t r a m e t h o x y b i b e n z y l  ( I ,  1 . 0  g) was d i s s o l v e d  i n
0 . 1  M sodium p e r c h l o r a t e  i n  d r y  a c e t o n i t r i l e  (150 cm ) and e l e c t r o l y s e d
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a t  a  c a rb o n  f e l t  anode a t  a  p o t e n t i a l  o f  + 1 . 5  v o l t s  u n t i l  the
c u r r e n t  dropped  t o  10 mA. The a n o l y t e  was p a r t i a l l y  e v a p o r a t e d
3unde r  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  added t o  w a t e r  (150 cm )
3and t h e n  e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (3 x 50 cm ) .  The combined
3o r g a n i c  p h a s e s  were washed w i t h  w a t e r  (50 cm ) and d r i e d  ove r  
a nhydrous  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  
p r e s s u r e  gave a  b l a c k  s o l i d  which  was c h ro m a to g ra p h ed  on s i l i c a ,  
e l u t i n g  w i t h  50% e t h e r  i n  hexane  t o  remove t h e  t a r r y  i m p u r i t i e s .  
E v a p o r a t i o n  o f  t h e  e l u a t e  u n d e r  r e d u c e d  p r e s s u r e  gave a w h i t e  s o l i d .
™/e : 302 (M*, b i b e n z y l  ( 1 ) )  and 298 (M/, p h e n a n t h r e n e  ( 3 ) ) .
(b)  The e l e c t r o l y s i s  was r e p e a t e d  u s i n g  0 . 1  M sodium p e r c h l o r a t e  
i n  s u p e r d r y  a c e t o n i t r i l e  c o n t a i n i n g  d e u t e r i u m  o x id e  ( 0 . 0 1  mol.dm 
as  e l e c t r o l y t e .  The r e s u l t s  were i d e n t i c a l  t o  t h o s e  g i v e n  above .
3 ,4 - D im e thoxyc inna m ic  a c i d  (152)
: M alo n ic  a c i d  (151 ,  25 g ,  0 . 2 5  mol)  and 3 , 4 - d im e th o x y b e n z a l d e h y d e
3(150 ,  20 g ,  0 , 1 2  mol)  were d i s s o l v e d  i n  p y r i d i n e  (50 cm ) by warming
t o  5 0 ° .  P i p e r i d i n e  (2 cm?) was added and t h e  m i x t u r e  m a i n t a i n e d  a t
80 -85°  f o r  1 hou r  and t h e n  h e a t e d  u n d e r  r e f l u x  f o r  3 h o u r s .  The
3c o o le d  s o l u t i o n  was p ou red  i n t o  w a t e r  (500 cm ) and a c i d i f i e d  w i t h
- 3c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (65 cm ) .  The c ru d e  p r e c i p i t a t e  was
3c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  w a t e r  (4 x 20 cm ) and t h e n
3d i s s o l v e d  i n  1 M sodium h y d r o x i d e  s o l u t i o n  (350 cm ) .  The s o l u t i o n
« 3 •was f i l t e r e d ,  d i l u t e d  w i t h  w a t e r  (150 cm ) and a c i d i f i e d  w i t h  50%
3 .h y d r o c h l o r i c  a c i d  (75 cm ) .  The s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,  
washed w i t h  w a t e r  (4 x  2 0  cm^) and d r i e d  vacuo  a t  60° t o  g i v e  a 
w h i t e  powder  ( 2 2  g , 89%) m .p .  181° .
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V max (cm“ ^) : 3100-3400 (O-H),  1680 (C=0)
X max (nm ( l o g  e ) )  : 209 ( 4 . 0 0 ) ,  220 ( 4 . 0 6 ) ,  237 ( 4 . 0 5 ) ,
299 ( 4 . 0 8 ) ,  325 ( 4 .1 4 )
6  (ppm, DMSO) : 3 .8 9  ( 6 H, s ,  2 x OCH3 ) ,  6 . 3 0  (IH,  d ,  CH=CH,
2  = 1 6 H p , 6 . 8  -  7 . 2  (3H, complex ,  a r o m a t i c s ) ,  
7 .6 0  (IH,  d ,  CH=CH, J  = 1 6 H ^
™/e : 20b (m'Î’) ,  193 (m-CH3 )
M e t a s t a b l e  M* a t  179 .1  (208 193)
3 ,4 - D i m e t h o x y p h e n y l p r o p a n o i c  a c i d  (153)
3 , 4 -D im e thoxyc innam ic  a c i d  (152 ,  1 0 .4  g ,  0 . 0 5  mol)  was d i s s o l v e d  
3i n  e t h a n o l  (250 cm ) and h y d r o g e n a t e d  (4 a t m . )  f o r  24 h o u r s  w i t h  
p l a t i n u m  o x id e  ( 0 . 1  g) a s  c a t a l y s t .  F i l t r a t i o n  and rem ova l  o f  t h e  
s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a w h i t e  s o l i d  which  was 
r e c r y s t a l l i s e d  from w a t e r  a s  f i n e  w h i t e  n e e d l e s  ( 9 . 6  g ,  91%) m .p .  74° .  
V max (cm"^) : 3430 ( O - H ) , , 1690 (C=0)
X max (nm ( l o g  e ) )  : 208 ( 4 . 3 3 ) ,  232 ( 3 . 9 9 ) ,  283 ( 3 .5 3 )
6  (ppm, CDCI3 ) : 2 .6 6  (2H, t ,  CH^CH^, J  = 7 H p , 2 .9 2  (2H, t ,
CH3 CH2 , J  = 7 n p ,  3 .8 4  ( 6 H, s ,  2 X OCH3 ) ,
6 . 6  -  6 . 8  (3H, complex ,  a r o m a t i c s ) ,  9 . 0  -  9 . 8  
( IH ,  b r o a d  s ,  COOji, removed by d e u t e r a t i o n ) .
: 210 (M t) ,  195 (M-CH3 ) , 165 (ArCH2CH2 ) ,  151 (ArCH2 )
3 ,4 - D i m e t h o x y p h e n y l p ro p a n o y l  c h o r i d e  (149)
3 , 4 - D i m e t h o x y p h e n y l p r o p a n o i c  a c i d  (153 ,  15 g,  0 .0 7 1  mol)  was
h e a t e d  u n d e r  r e f l u x  f o r  0 . 5  h o u r s  i n  d r y  t o l u e n e  (100 cm ) w i t h  f r e s h l y
. . ;  - - 3
d i s t i l l e d  t h i o n y l  c h l o r i d e  (30 cm ) .  The s o l v e n t  was removed u n d e r
r e d u c e d  p r e s s u r e  t o  l e a v e  a r e d  o i l  (16 g_, 98%) which  was u s e d  i m m e d i a t e l y
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3 - ( 3 ,4 - D i m e th o x y p h e n y lp r o p a n o y l )  i n d o l e  (74)
To d r y  magnesium t u r n i n g s  ( 1 . 8  g ,  0 .0 7 4  mol)  and a c r y s t a l  o f
3 3i o d i n e  i n  d r y  e t h e r  (10 cm ) was added b romoethane  ( 7 .7 5  g , 5 . 3  cm ,
30 .0 7 1  mol) i n  d r y  e t h e r  (15 cm ) .  To t h i s  was added a s o l u t i o n  6 f
3i n d o l e  (13 ,  9 . 0  g ,  0 . 0 7 6  mol)  i n  d r y  e t h e r  (30 cm ) a t  such  a  r a t e  a s
t o  m a i n t a i n  g e n t l e  b o i l i n g .  The s o l u t i o n  was s t i r r e d  f o r  10 m in u t e s
3and t h e n  homogenised by t h e  a d d i t i o n  o f  d ry  d i c h l o r o m e t h a n e  (15 cm ) .
The G r i g n a r d  r e a g e n t  (41)  was added d ro p w ise  t o  a s o l u t i o n  o f
3 , 4 - d im e th o x y p h e n y lp r o p a n o y l  c h l o r i d e  (149 ,  16 g ,  0 . 0 7 1  mol)  i n  d ry  
3e t h e r  (50 cm ) .  The m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  2
3days  and t h e n  h y d r o l y s e d  w i t h  2N h y d r o c h l o r i c  a c i d  (300 cm ) and
3e x t r a c t e d  w i t h  c h l o r o f o r m  (3 x 200 cm ) .  The combined o r g a n i c  p h a s e s
3were washed w i t h  w a t e r  ( 1 0 0  cm ) and d r i e d  o v e r  a n h yd rous  sodium
s u l p h a t e .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a
3v i s c o u s  r e d  o i l  which  was d i s s o l v e d  i n  h o t  p r o p a n - 2 - o l  (20 cm ) .  On 
c o o l i n g  a p i n k  s o l i d  was o b t a i n e d  which  was r e c r y s t a l l i s e d  from 
p r o p a n - 2 - o l  a s  p a l e  p i n k  n e e d l e s  ( 7 . 2  g ,  34%) m .p .  171° .
V max (cm"^) : 3190 (N-H), 1610 (0=0)
X max (nm ( l o g  e ) )  : 213 ( 4 . 4 2 ) ,  242 ( 4 . 1 3 ) ,  260 ( 3 . 9 2 ) ,
: - . . 293 ( 3 . 9 9 ) ,  303 ( 4 .0 0 )
6  (ppm, DMSO) : 2 . 8  -  3 .2  (4H, 2 t ,  CH^CH^, J  = 7H ]) ,  3 .71
(3H, s ,  OCH^), 3 .7 4  (3H, s ,  OCH^), 6 . 8  -  7 .6  
; ( 6 H, complex ,  a r o m a t i c s ) ,  8 . 1  -  8 . 3  ( IH,  dd ,
C ^ ) ,  8 .3 4  ( IH ,  d ,  C^H, J  = 3H^) , 1 1 .8  (IH,  
b r o a d ,  NH, removed by d e u t e r a t i o n )
m/ e  : 309 (M-) ,  151 (ArCH^), 144 ( i n d o l e  CO), 117 ( i n d o l e )
M e t a s t a b l e s  M* a t  9 3 .4  (144 117) and 6 7 .1  (309 -*■ 144)
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Anodic o x i d a t i o n  o f  3 - ( 3 , A -d im e th o x y p h en y lp ro p a n o y l )  i n d o l e  (74)
The s u b s t r a t e  (74 ,  1 . 0  g) was d i s s o l v e d  i n  0 . 1  M sodium p e r -
3c h l o r a t e  i n  d r y  a c e t o n i t r i l e  (150 cm ) and e l e c t r o l y s e d  a t  an anode 
p o t e n t i a l  o f  + 1 .1  -  1 .2  v o l t s  u n t i l  t h e  c u r r e n t  d ro p p ed  t o  5 mA.
The a n o l y t e  was p a r t i a l l y  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  and t h e n
added t o  w a t e r  (300 cm?) and e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (3 x
3 . . . 3
1 0 0  cm ) .  i h e  combined o r g a n i c  p h a s e s  were washed w i t h  w a t e r  ( 1 0 0  cm )
and d r i e d  o v e r  anhyd rous  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t
u n d e r  r e d u c e d  p r e s s u r e  gave a  d a r k  r e d  s o l i d  which  was r e c r y s t a l l i s e d  
t w i c e  from e t h a n o l  a s  d a rk  r e d  r o d s  ( 0 .5 2  g ,  64%) m .p .  228° ( l i t . ^ ^  
m .p .  2 3 0 - 2 4 0 ° ) .
V max (cm"^) : 3340,  1670, 1660, 1640 
X max (nm) : 215,  241,  310,  350
6  (ppm, DMSO) : 2 .9 6  (4H, s ,  CH2 CH2 ) , 6 .5 8  (IH,  s ) , 6 . 8 0  (IH,  s ) ,
7 .2  -  7 . 8  (3H, complex ,  a r o m a t i c s ) ,  7 .9 8  (IH,
dd ,  C ^ ) , 12 .6 0  ( IH,  b r o a d ,  removed by d e u t e r a t i o n )
/ e  ; 277 (M^)m
T h i s  compound was l i g h t  s e n s i t i v e  and decomposed on s t a n d i n g .  
D e c o m p o s i t io n  was n o t i c e a b l y  f a s t e r  i f  t h e  compound was s u b j e c t e d  t o  
column c h ro m a to g ra p h y .
1 - B e n z e n e s u l p h o n y l i n d o l e  (157)
P o t a s s i u m  h y d r o x i d e  ( 2 2 .5  g ,  0 . 4  mol)  was d i s s o l v e d  i n  d r y
• 3d i m e t h y l s u l p h o x i d e  (200 cm ) u n d e r  n i t r o g e n .  I n d o l e  ( 1 3 ,  11 .7  g ,
0 . 1  mol) was added and t h e  s o l u t i o n  s t i r r e d  f o r  3 h o u r s  t o  fo rm t h e  
i n d o l e  a n io n  ( 5 1 ) .  The s o l u t i o n  was c o o le d  on i c e  and b e n z e n e s u l p h o n y l  
c h l o r i d e  (35 g ,  26 cm » 0 . 2  mol)  was added d r o p w i s e .  The r e a c t i o n  mix­
t u r e  was s t i r r e d  f o r  1 ho u r  and t h e n  w a t e r  (450 cm ) was added
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c a u t i o u s l y .  The p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n  and 
r e c r y s t a l l i s e d  from m eth a n o l  a s  c o l o u r l e s s  r o d s  ( 2 0 .3  g,  79%) 
m .p .  77° ( l i t . 13 m .p .  77 .5  -  7 9 ° ) .  
max (cm ^) : 1130 (S=0)
X max (nm ( l o g  e ) )  : 214 ( 4 . 4 0 ) ,  2 53 ( 4 . 1 2 ) ,  286 ( 3 . 4 8 ) ,
293 ( 3 . 4 4 )
6  (ppm, CDClg) : 6 . 5 3  ( IH,  d ,  C ^ ,  £ =  4 H ^ , 7 . 0  -  8 .1  
(lOH, complex ,  a r o m a t i c s )
/ e  : 257 (M^), 141 (PhS 0 2 ) ,  116 (M-PhS0 2 )m
A t t em p te d  p r e p a r a t i o n  o f  1- b e n z e n e s u l p h o n y l ( - 2 - ( 3 , 4 - d im e th o x y p h e n y l ­
p r o p a n o y l )  i n d o l e
Ca) B e n z e n e s u l p h o n y l i n d o l e  (157 ,  15 g ,  0 . 0 6  mol)  was d i s s o l v e d  
3i n  d r y  e t h e r  (200 cm ) u n d e r  n i t r o g e n .  To i t  was added 1 .6  M
3n - b u t y l l i t h i u m  i n  hexane  (44 cm , 0 . 0 7  m o l ) ,  and t h e  m i x t u r e  h e a t e d
un d e r  r e f l u x  f o r  7 h o u r s .  The s o l u t i o n  was c o o l e d  and 3 ,4 - d i m e t h o x y -
p h e n y l p r o p a n o y l  c h l o r i d e  (149 ,  16 g ,  0 .0 7  mol)  i n  d r y  e t h e r  (200 cm )
was added d r o p w i s e .  The m i x t u r e  was s t i r r e d  o v e r n i g h t  a t  room
t e m p e r a t u r e  and t h e n  f i l t e r e d  t o  remove t h e  p r e c i p i t a t e d  i n o r g a n i c
3 .s a l t s .  The f i l t r a t e  was washed w i t h  w a t e r  (2 x 100 cm ) and d r i e d
o y e r  anhyd rous  sodium s u l p h a t e . Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d
3p r e s s u r e  gave a  r e d  o i l  t o  wh ich  was added m e th a n o l  (30 cm ) .  The 
p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n  and  r e c r y s t a l l i s e d  from m e th a n o l
a s  o f f - w h i t e  r o d s  ( 2  g ,  2 0 %) m.p .  1 2 2 ° .
- 1  . -
V max (cm ) : 1140 (S=0)
X max (nm ( l o g  e ) )  ; 210 ( 4 . 1 2 ) ,  225 ( 4 . 2 7 ) ,  264 ( 3 . 2 5 ) ,
270 ( 3 . 3 6 ) ,  277 ( 3 .2 9 )
6  (ppm, CDClg) ; 0 . 8 4  (3H, t ,  CHg, 5 8 ^ ) ,  1 . 6 0  (2H, complex.
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CH^CH^), 2 .1 0  (2H, complex ,  CHCH^), 4 . 4 0  (IH,  
t ,  CH, = 6 H ^ , 7 .4  -  7 . 8  (lOH, complex,  
a r o m a t i c s )
6  (ppm, DMSO) : 13 .4 3  (q ,  CH^), 20 .31  ( t ,  CH^CH^), 27 .14  ( t ,
CHCH^), 80 .6 7  (d ,  CH), 128 .99  ( j ) ,  129 .1 0  ( d ) , 
134 .46  ( d ) ,  138 .14  ( s )
™/e : 338 (M^), 309 ( M - E t ) , 297 ( M - P r ) , 197 (M-PhSOg), 141 (PhS 0 2 ) 
Found : C, 5 6 .8 5 ;  H, 5 . 4 ;  S,  1 8 . 8 .
^16^18^4^2 f e g u i f e s  : C, 5 6 . 8 ;  H, 5 . 4 ;  S,  18.95%.
(b)  B e n z e n e s u l p h o n y l i n d o l e  (154 ,  1 .1 6  g ,  4 .7 6  mmol) was
d i s s o l v e d  i n  d r y  t e t r a h y d r o f u r a n  (35 cm?) and c o o l e d  t o  - 7 8 °  u n d e r
3n i t r o g e n .  To t h i s  was added 1 .6  M n - b u t y l l i t h i u m  i n  he xa ne  (5 cm ,
8  mmol) .  The s o l u t i o n  was a l l o w e d  t o  warm t o  room t e m p e r a t u r e  and 
t h e n  r e - c o o l e d  t o  - 7 8 ° .  3 , 4 - D i m e t h o x y p h e n y l p r o p a n o y l  c h l o r i d e  (149 ,
1 .05  g ,  4 .7 6  mmol) i n  d r y  t e t r a h y d r o f u r a n  (10 cm ) was added  and t h e
m i x t u r e  s t i r r e d  a t  room t e m p e r a t u r e  f o r  one h o u r  and t h e n  p ou red  i n t o
3 . 3 .w a t e r  (200 cm ) and e x t r a c t e d  w i t h  e t h e r  (3 x  100 cm ) .  The combined
3o r g a n i c  p h a s e s  were washed w i t h  w a t e r  ( 1 0 0  cm ) and d r i e d  o v e r  
anhyd rous  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  
p r e s s u r e  y i e l d e d  an i n t r a c t a b l e  r e d  gum.
(c)  The r e a c t i o n  above (b)  was r e p e a t e d  u s i n g  f r e s h l y  d i s t i l l e d  
( b . p .  166° ,  0 . 7  mm Hg) 3 , 4 - d i m e t h o x y p h e n y l p r o p a n o y l  c h l o r i d e  ( 1 4 9 ) .
™/e : 228 (M^), 192 (M-HCl) , 151 (ArCH2 )
The r e s u l t  was t h e  same a s  i n  ( b ) .
(d)  B e n z e n e s u l p h o n y l i n d o l e  (154 ,  1 .1 6  g ,  4 . 7 6  mmol) i n  d ry  
t e t r a h y d r o f u r a n  (35 cm ?) was c o o l e d  t o  - 7 8 °  u n d e r  n i t r o g e n  and t r e a t e d  
w i t h  b u t y l l i t h i u m  (5  cm ?) a s  above .
The a c i d  c h l o r i d e  (149 ,  1 .05  g ,  4 . 7 6  mmol) i n  d r y  t e t r a h y d r o f u r a n
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3 o . -(50 cm ) was c o o le d  t o  -7 8  unde r  n i t r o g e n  and t o  i t  was added th e
s o l u t i o n  o f  2 - 1 i t h i o b e n z e n e s u l p h o n y l i n d o l e  (160)  p r e p a r e d  above .
The r e a c t i o n  was worked-up  i n  t h e  u s u a l  way t o  g iv e  an  o range  o i l .
Column ch rom a tog raphy  on s i l i c a  e l u t i n g  w i t h  50% d i c h l o r o m e t h a n e  i n
p e t r o l e u m  e t h e r  gave b e n z e n e s u l p h o n y l i n d o l e  (154 ,  0 . 6 5  g,  56%). No
o t h e r  p r o d u c t  was o b t a i n e d .
(e)  2 - L i t h i o b e n z e n e s u l p h o n y l i n d o l e  (160)  was p r e p a r e d  a s  above
and t o  i t  was added m e th y l  3 , 4 - d im e t h o x y p h e n y l p r o p a n o a t e  (159,
1 .06  g ,  4 .7 6  mmol).  Work-up gave an  i n t r a c t a b l e  o r a n g e  o i l .
Methyl  3 , 4 - d im e t h o x y p h e n y l p r o p a n o a t e  (159)
3 ,4 - D i m e t h o x y p h e n y l p r o p a n o i c  a c i d  (153 ,  12 g ,  0 .0 5 7  mol) was 
d i s s o l v e d  i n  A n a l a r  m e th a n o l  (25 cm?) and t o  i t  was added c o n c e n t r a t e d  
s u l p h u r i c  a c i d  (5 c m ? ) . The m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e
f o r  3 days  and t h e n  n e u t r a l i s e d  w i t h  s a t u r a t e d  sodium b i c a r b o n a t e
3s o l u t i o n  and e x t r a c t e d  w i t h  e t h e r  (3 x 100 cm ) .  The combined o r g a n i c
3
p h a s e s  were washed w i t h  w a t e r  ( 1 0 0  cm ) and d r i e d  o v e r  anhydrous  
sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave 
a  s o l i d  which  was r e c r y s t a l l i s e d  from m e th a n o l  a s  c o l o u r l e s s  r o d s  
( 1 2 .1 3  g ,  95%) m .p .  30° .
V max (cm ^) ; 1730 (C=0)
X max (nm ( l o g  e ) )  : 210 ( 4 . 0 9 ) ,  233 ( 3 . 9 0 ) ,  285 ( 3 .4 6 )
6  (ppm, CDCI3 ) ; 2 .5  -  3 . 0  (4H, complex ,  CH2 CH2 ) , 3 .6 4  (3H, s ,  
CE3 ) ,  3 .84  ( 6 H, 2 s ,  2 x OCH3 ) , 6 .7 6  (3H, 
complex,  a r o m a t i c s )
™/e : 224 (M^), 209 (M-CH^), 151 (ArCH2 )
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l - B e n z e n e s u l p h o n y l i n d o l e - 2 - c a r b o x y l i c  a c i d  (161)
B e n z e n e s u l p h o n y l i n d o l e  (154 ,  2 .57  g ,  0 . 0 1  mol) was d i s s o l v e d
3  ̂ Q
i n  d r y  t e t r a h y d r o f u r a n  (80 cm ) u n d e r  n i t r o g e n  and c o o le d  t o  -7 8  .
1 .6  M n - B u t y l l i t h i u m  i n  hexane  ( 6 . 7  cm , 0 .0 1 1  mol)  was added and
t h e  m i x t u r e  a l l o w e d  t o  warm t o  room t e m p e r a t u r e  and t h e n  pou red  o n t o
3a  s l u r r y  o f  s o l i d  c a rb o n  d i o x i d e  i n  d r y  e t h e r  (100 cm ) .  The m ix -
3t u r e  was a c i d i f i e d  w i t h  2N h y d r o c h l o r i c  a c i d  (200 cm ) and e x t r a c t e d
3w i t h  d i c h l o r o m e t h a n e  (3 x 100 cm ) .  The combined o r g a n i c  p h a s e s  were 
washed w i t h  w a t e r  ( 1 0 0  cm^) and d r i e d  o v e r  a n h yd rous  sodium s u l p h a t e .  
Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a  w h i t e  s o l i d  
which  was r e c r y s t a l l i s e d  from d i c h l o r o m e t h a n e  a s  w h i t e  cubes  ( 2 .7 7  g ,  
92%) m .p .  161° .
V max (cm~l) : 3200-2500 (O-H),  1710 (C=0)
X max (nm ( l o g  e ) )  : 217 ( 4 . 3 5 ) ,  270 ( 4 .2 2 )
6  (ppm, DMSO) : 7 .2  -  8 . 2  (complex)
™/e : 301 (M t) ,  257 (M-COg)
A t tem p ted  p r e p a r a t i o n  o f  l - b e n z e n e s u l p h o n y l i n d o l e - 2 - a l d e h y d e
(a)  B e n z e n e s u l p h o n y l i n d o l e  (154 ,  5 g ,  0 . 0 2  mol)  was d i s s o l v e d
3 .i n  d r y  t e t r a h y d r o f u r a n  ( 2 0  cm ) u n d e r  n i t r o g e n  and t h e n  was added
31 .6  M n - b u t y l l i t h i u m  i n  hexane  (15 cm , 0 .0 2 4  mol)  a t  such  a  r a t e  t h a t  
g e n t l e  b o i l i n g  was m a i n t a i n e d .  The s o l u t i o n  was c o o le d  t o  5°  and
3  o
N - m e t h y l f o r m a n i l i d e  ( 2 . 7  g ,  2 . 5  cm , 0 . 0 2  mol)  i n  d r y  e t h e r  (7 cm )
was added .  The m i x t u r e  was h e a t e d  unde r  r e f l u x  f o r  3 h o u r s  and t h e n
pou red  o n to  i c e  ( 1 0  g ) , a c i d i f i e d  w i t h  2 N h y d r o c h l o r i c  a c i d  (25 cm?)
and e x t r a c t e d  w i t h  e t h e r  (3 x 50 c m ? ) . The combined o r g a n i c  p h a s e s
3 .were washed w i t h  w a t e r  (50 cm ) and d r i e d  o v e r  anhyd rous  sodium 
s u l p h a t e .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a d a r k
159
r e d  t a r  which  f a i l e d  t o  y i e l d  any p r o d u c t s .
(b) The above r e a c t i o n  was r e p e a t e d ,  b u t  t h e  r e a c t i o n  m i x t u r e  
was s t i r r e d  a t  room t e m p e r a t u r e  o f  0 . 5  h o u r s  and n o t  h e a t e d .  Work­
up a g a i n  gave an i n t r a c t a b l e  t a r .
l - M e t h y l i n d o l e - 2 - a l d e h y d e  (162)
To 1 - m e t h y l i n d o l e  (5 g ,  4 . 9  cm^, 0 . 0 3 8  mol)  i n  d r y  e t h e r  
3 .(20 cm ) u n d e r  n i t r o g e n  was added 1 .6  M n - b u t y l l i t h i u m  i n  hexane  
3( 2 8 .5  cm , 0 .0 4 6  mol) and t h e  m i x t u r e  h e a t e d  u n d e r  r e f l u x  f o r  2 h o u r s .
The s o l u t i o n  was c o o l e d  t o  5°  and N - m e t h y l f o r m a n i l i d e  ( 5 .1 5  g ,  4 . 7  cm?,
0 .0 3 8  mol)  i n  d r y  e t h e r  (15 cm ) was a dde d .  The r e a c t i o n  m i x t u r e  was
h e a t e d  u n d e r  r e f l u x  f o r  3 h o u r s  and t h e n  c o o l e d ,  pou red  o n t o  i c e  (20 g ) .
3a c i d i f i e d  w i t h  2N h y d r o c h l o r i c  a c i d  (40 cm ) and e x t r a c t e d  w i t h  e t h e r
3 . .(3 X 50 cm ) .  The combined o r g a n i c  p h a s e s  were washed w i t h  w a t e r
3 .(50 cm ) and d r i e d  o v e r  a n hyd rous  sodium s u l p h a t e . Removal o f  t h e  
s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a r e d  o i l  which  was s u b j e c t e d  t o  
column ch ro m a to g ra p h y  on s i l i c a ,  e l u t i n g  w i t h  30% d i c h l o r o m e t h a n e  i n  
p e t r o l e u m  e t h e r .  The f i r s t  f r a c t i o n s  c o n t a i n e d  1 - m e t h y l i n d o l e  (T .43  g ,  
28.6% ).  The r e q u i r e d  p r o d u c t  (162)  was o b t a i n e d  by e v a p o r a t i o n  o f  t h e  
m id d le  f r a c t i o n s  f o l l o w e d  by r e c r y s t a l l i s a t i o n  from p e t r o l e u m  e t h e r  
a s  y e l l o w  n e e d l e s  ( 0 . 1 8  g ,  3%) m .p .  6 5 ° .
V max (cm ^) : 1670 (C=0)
X max (nm ( l o g  e ) )  : 208 ( 4 . 1 1 ) ,  236 ( 4 . 0 7 ) ,  313 ( 4 .1 8 )
6  (ppm, CDCI3 ) : 4 .0 4  (3H, s ,  CH^), 7 .0  -  7 . 8  (5H. complex,  
a r o m a t i c s ) ,  9 .8 8  (IH,  s ,  CHO)
™/e : 159 (M"^), 130 (M-CHO)
M e t a s t a b l e  M* a t  1 0 6 .3  (159 -> 130)
E v a p o r a t i o n  o f  t h e  f i n a l  f r a c t i o n s  and r e c r y s t a l l i s a t i o n  from p e t r o l e u m
160
e t h e r  gave l - m e t h y l - 2 - ( l - h y d r o x y p e n t y l ) i n d o l e  (163)  a s  c o l o u r l e s s  
n e e d l e s  ( 0 .09  g ,  1.5%) m .p .  105° .
V max (cm ^) : 3250 (O-H)
X max (nm ( l o g  e ) )  : 226 ( 4 . 4 6 ) ,  281 ( 3 . 9 0 ) ,  288 ( 3 .9 1 )
Ô (ppm, CDCI3 ) : 0 . 9 0  (3H, t ,  CH^CH^, J  = 6 H p , 1 .4 0  (4H,
complex ,  CH2 CH2 ) , 1 .6 8  (IH,  s ,  OH,
removed by d e u t e r a t i o n ) ,  1 . 8  -  2 . 0  (2H, 
complex ,  CHCH2 ) , 3 .7 3  (3H, s ,  NCH^),
4 .7 6  (IH,  t ,  CH, J  = 7 H ^ ,  6 . 3 8  (IH, s ,
C3 H ) , 6 . 9  -  7 .7  (4H, complex ,  a r o m a t i c s )
6  (ppm, CDCI3 ) : 13 .9 8  ( q ,  CH2 ÇH3 ) , 22 .59  ( t ) , 28 .3 3  ( t ) ,
30 .07  ( t ) ,  36 .1 3  ( q ,  NCH3 ) , 67 .4 5  (d ,  CH), 
9 9 .0 3  ( d ) ,  109 .1 1  ( d ) ,  119 .56  ( d ) , 120 .70
( d ) ,  127 .3 1  ( s ) ,  139 .57  ( s ) ,  142.21 ( s )
™/e : 217 (M"^), 199 (M-H2 O ) , 184 (M-H2 O-CH3 ) , 170 (M-H2 0 - E t )  
Found : C, 7 7 . 3 ;  H, 8 . 8 ; N, 6 . 3 .
C1 4 H1 9 NO r e q u i r e s  : C, 7 7 . 4 ;  H, 8 . 8 ; N, 6.4%.
P o t a s s i u m  e t h y l  2 - n i t r o p h e n y l p y r u v a t e  (166)
3To f r e s h l y  c u t  p o t a s s i u m  ( 1 9 . 6  g ,  0 . 5  mol) i n  d r y  e t h e r  (150 cm )
3u nde r  n i t r o g e n  was added d r o p w i s e  a b s o l u t e  e t h a n o l  (125 cm ) and d r y  
e t h e r  (100 cm^) a t  su c h  a  r a t e  a s  t o  m a i n t a i n  s t e a d y  b o i l i n g .  When 
t h e  p o t a s s i u m  had d i s s o l v e d  t h e  s o l u t i o n  was c o o l e d  and d i l u t e d  w i t h
d r y  e t h e r  ( 1 . 2 5  d m ^) . D i e t h y l  o x a l a t e  (73 g ,  6 7 . 8  cm^. 0 . 5  mol) was
■ ■ - _ - 3
added f o l l o w e d  a f t e r  10 m i n u t e s  by 2 - n i t r o t o l u e n e  ( 6 8 .5  g ,  5 8 .9  cm ,
0 . 5  m o l ) .  The m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  3 days  and
t h e n  t h e  p r e c i p i t a t e d  p u r p l e  c r y s t a l s  c o l l e c t e d  by f i l t r a t i o n  and
washed w i t h  d r y  e t h e r  (105 g ,  76%).
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2 - E th o x y c a r b o n y l in d o le  (165)
P o ta s s iu m  e t h y l  2 - n i t r o p h e n y l p y r u v a t e  (166 , 30 g , 0 .1 1  m ol)
3
was d i s s o l v e d  in  g l a c i a l  a c e t i c  a c i d  ( 2 0 0  cm ) and h y d ro g e n a te d  
(2 a tm ) f o r  20 h o u r s  w i th  5% p a l l a d iu m  on c a rb o n  ( 0 .2  g) a s  c a t a l y s t .
3
The s o l u t i o n  was f i l t e r e d  and d i l u t e d  w i th  w a te r  (3 dm ) .  The 
p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i th  w a te r  (5 x
3
1 0 0  cm ) and r e c r y s t a l l i s e d  tw ic e  from m e th a n o l  t o  g iv e  w h i te  r o d s  
( 1 3 .3  g, 64%) m .p . 123° ( l i t . ^ ^  m .p . 1 1 8 -1 2 4 ° ) .
V max ( c m ' l )  : 3320 (N-H), 1685 (C=0)
X max (nm ( lo g  e ) )  : 208 ( 4 . 2 9 ) ,  222 ( 4 . 3 2 ) ,  299 ( 4 .2 6 )
6  (ppm, CDCI3 ) : 1 .4 0  (3H, t ,  CH^, J  = 8 H ^ ,  4 .4 0  (2H, q,
CH^, J  = SH^.), 7 .0  -  7 .8  (5H, com plex , 
a r o m a t i c s ) ,  9 .3 6  (IH , b r o a d ,  NH, removed 
by d e u t e r a t i o n )
™/e : 189 (M^), 174 (M-CH^), 161 (M-Et)
M ethy l 3 , 4 - d im e th o x y p h e n y la c e ta t e  (167)
3 , 4 - D im e th o x y p h e n y la c e t ic  a c i d  ( 3 9 .2  g , 0 .2  m ol)  was d i s s o l v e d
3
i n  warm A n a la r  m e th a n o l  (25 cm ) and to  i t  was added c o n c e n t r a t e d
3
s u l p h u r i c  a c i d  (5 cm ) .  The m ix tu r e  was h e a t e d  unde r  r e f l u x  f o r
3
2 h o u r s .  The c o o le d  s o l u t i o n  was added t o  w a te r  (200 cm ) ,  b a s e f i e d
w i th  2N ammonium h y d r o x id e  s o l u t i o n  and e x t r a c t e d  w i th  e t h e r  (3 x
3 350 cm ) .  The combined o r g a n i c  p h a s e s  w ere  washed w i th  w a te r  (50 cm )
and d r i e d  o v e r  a n h y d ro u s  sodium  s u l p h a t e .  Removal o f  t h e  s o l v e n t
u n d e r  r e d u c e d  p r e s s u r e  f o l lo w e d  by vacuum d i s t i l l a t i o n  gave th e  e s t e r
(1 6 7 )  a s  a c o l o u r l e s s  o i l  (37 g , 8 8 %) b . p .  192° ( 0 .7  mm H g ) .
V max (cm ^) : 1735 (C=0)
X max (nm ( lo g  e ) )  : 210 ( 4 . 1 0 ) ,  234 ( 3 . 8 6 ) ,  284 ( 3 .4 3 )
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6  (ppm, CDClg) : 3 .5 6  (2H, s ,  CH^), 3 .6 6  (3H, s ,  CH^)
3 .8 6  ( 6 H, s , 2 X OCH^), 6 .8 3  (3H, com plex, 
a r o m a t i c s )
™/e : 210 (M^), 195 (M-CH^), 151 (ArCH^)
2 - ( 3 , 4 - D im ethoxypheny 1 ) e t h a n o l  (168)
A s o l u t i o n  o f  m e th y l  3 , 4 - d im e th o x y p h e n y la c e ta t e  (167 , 30 g ,
3
0 .1 4  m ol)  i n  d ry  e t h e r  ( 1 2 0  cm ) was added d ro p w ise  t o  a  s l u r r y  o f
3l i t h i u m  alum in ium  h y d r id e  ( 6  g )  i n  d r y  e t h e r  (300 cm ) .  The m ix tu re  
was h e a t e d  unde r  r e f l u x  f o r  1 h o u r  and th e n  c o o le d .  E xcess  h y d r id e  
was decomposed by th e  c a u t i o u s  a d d i t i o n  o f  w a t e r .  The i n o r g a n i c  s a l t s
were removed by f i l t r a t i o n  and washed w i th  e t h e r .  The f i l t r a t e  was
d r i e d  over  anhydrous  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  under  
r e d u c e d  p r e s s u r e  l e f t  an  o i l  w hich gave a p u re  w h i te  s o l i d  on 
s t a n d i n g  ( 2 4 .7  g , 97%) m .p .  4 4 ° .
V max (cm ^) : 3300 (O-H)
X max (nm ( lo g  e ) )  : 208 ( 4 . 0 8 ) ,  231 ( 3 . 8 6 ) ,  283 ( 3 .4 4 )
6  (ppm, CDClg) : 1 .88  (IH , s ,  OH, removed by d e u t e r a t i o n ) ,
2 .7 6  (2H, t ,  CH^OH, J  = 6 H ^ , 3 .7 6  (2H, t ,  
CH^CH^, J  = 6 Hg,), 3 .7 9  (3H, s ,  OCH^), 3 .8 2  
(3H, s ,  OCH^), 6 .7 0  (3H, com plex , a r o m a t i c s )
™/e : 182 (m'^ ) ,  165 (M-OH), 151 (ArCH^), 137 (A r)
2 - ( 3 , 4 -D im e th o x y p h en y l)b ro m o eth an e  (169)
2 - ( 3 ,4 - D im e th o x y p h e n y l ) e th a n o l  (1 6 8 , 15 g , 0 .0 8  m ol)  was d i s s o l v e d
3
i n  d r y  e t h e r  (900 cm ) and t o  i t  was added  f r e s h l y  d i s t i l l e d  pho sp h o ru s
3
t r i b r o m id e  (15 cm ) .  The m ix tu r e  was a l lo w e d  t o  s t a n d  o v e r n i g h t  a t
3
room t e m p e r a t u r e ,  and th e n  washed w i th  w a te r  ( 1 0 0  cm ) and s a t u r a t e d
163
3
aqueous sodium b i c a r b o n a t e  ( 1 0 0  cm ) and d r i e d  ove r  anhyd rous  sodium 
s u l p h a t e .  Removal o f  t h e  s o l v e n t  unde r  r e d u c e d  p r e s s u r e  gave an  o i l  
w hich s o l i d i f i e d  on s t a n d i n g  and was r e c r y s t a l l i s e d  as  w h i t e  r o d s  from 
e t h a n o l  ( 9 . 6  g, 49%) m .p . 5 1 ° .
V max (cm ^) : 1135 ( a r o m a t ic  e t h e r )
X max (nm ( lo g  e ) )  : 211 ( 4 . 1 9 ) ,  236 ( 3 . 9 5 ) ,  284 ( 3 .4 9 )
6  (ppm, CDClg) : 2 .8  - 3 .6  (4H, com plex , CH^CH^), 3 .8 8  ( 6 H, 2 s ,
2 X OCH^), 6 . 8  -  7 .0  (3H, com plex , a r o m a t i c s )  
™/e : 246 /244  (M^), 2 3 1 /229  (M-CH^), 165 (M -B r), 151 (ArCH^) 
M e ta s ta b l e  M a t  9 2 .7  (246 -► 151)
A ttem p te d  p r e p a r a t i o n  o f  3 ,4 - d im e th o x y p h e n e th y l  magnesium brom ide (164)
( a )  To d r i e d  magnesium t u r n i n g s  (0 .9 2  g , 0 .0 3 8  m o l)  and a c r y s t a l
3
o f  io d in e  in  d ry  e t h e r  (5 cm ) was added  2 - (3 ,4 -d im e th o x y p h e n y l )b ro m o -
3
e th a n e  (1 6 9 , 9 .2 6  g , 0 .0 3 8  m ol)  i n  d r y  e t h e r  (15 cm ) .  The magnesium 
f a i l e d  t o  d i s s o l v e ,  even  on s t i r r i n g  o v e r n i g h t .
(b )  To magnesium t u r n i n g s  ( O . l  g , 4 .1  mmol), t h o r o u g h ly  d r i e d  
a t  60° vacuo  p r i o r  t o  u s e ,  and a s m a l l  c r y s t a l  o f  i o d i n e  in  d ry
3
t e t r a h y d r o f u r a n  ( 2  cm , f r e s h l y  d i s t i l l e d  from l i t h i u m  a lum in ium  
h y d r i d e )  was added 2 - (3 ,4 - d im e th o x y p h e n y l )b r o m o e th a n e  (169 , 1 .0  g,
3
4 .1  mmol) in  d r y  t e t r a h y d r o f u r a n  (10 cm ) .  The m ix tu r e  was h e a t e d  
under  r e f l u x  f o r  3 h o u r s .  No r e a c t i o n  was s e e n  t o  o c c u r .
( c )  To d r i e d  magnesium t u r n i n g s  ( 0 .5  g , 0 .0 2  m ol) and a sm a l l
3
c r y s t a l  o f  io d in e  c o v e re d  by d r y  e t h e r  ( 2  cm ) was added  a few d ro p s  
o f  b ro m o e th an e .  As soon a s  a v i g o r o u s  r e a c t i o n  s t a r t e d  t h e  r e a c t i o n  
v e s s e l  was c o o le d  t o  a r r e s t  t h e  r e a c t i o n  and th e  l i q u i d  was d e c a n te d  
o f f .  2 - ( 3 , 4 ”D im etho x y p h en y l)b ro m o e th an e  (169 , 5 g , 0 .0 2  m ol)  in  d ry
3
e t h e r  (20 cm ) was ad d ed .  No r e a c t i o n  o c c u r r e d  even  a f t e r  h e a t i n g
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f o r  3 h o u r s  and s t i r r i n g  o v e r n i g h t  a t  room t e m p e r a t u r e .
A ttem p ted  p r e p a r a t i o n  o f  3 ,4 - d im e th o x y p h e n e th y l l i th i u m  (174)
( a )  To f r e s h l y  c u t  l i t h i u m  m e ta l  ( 0 .1 4  g , 0 .0 2  m ol)  in  d ry
3
e t h e r  (20 cm ) under  n i t r o g e n  was added 2 - (3 ,4 - d im e th o x y p h e n y l )b r o m o -
3
e th a n e  (169 , 5 g , 0 .0 2  m ol) in  d ry  e t h e r  (30 cm ) .  The m ix tu re  was 
s t i r r e d  o v e r n i g h t  b u t  t h e  l i t h i u m  f a i l e d  t o  r e a c t .
(b )  To a m ix tu re  o f  r e d i s t i l l e d  d i i s o p r o p y la m i n e  ( 2 .0 6  g,
2 .8 5  cm , 0 .0 2  m ol) and d r y  t e t r a h y d r o f u r a n  (10 cm ) a t  0 was added
3
1 .6  M n - b u t y l l i t h i u m  in  hexane  (1 2 .7 5  cm , 0 .0 2  m o l) .  The p a le  y e l lo w  
s o l u t i o n  was m a in ta in e d  a t  0 °  f o r  0 . 5  h o u r s  and t h e n  was added h e x a -
3
m eth y lp h o sp h o ram id e  (3 .6 5  g , 3 .5 5  cm , 0 .0 2  m o l) .  The m ix tu re  was 
s t i r r e d  a t  0 °  f o r  a f u r t h e r  0 .2 5  h o u r s  and th e n  was added  a s o l u t i o n  
o f  2 - ( 3 ,4 -d im e th o x y p h e n y l)b ro m o e th a n e  (169 , 5 g ,  0 .0 2  m ol)  i n  d ry  
t e t r a h y d r o f u r a n  (20 cm ?). The m ix tu r e  was s t i r r e d  a t  0 °  f o r  0 . 5  h o u rs  
and th e n  added d ro p w ise  t o  a s o l u t i o n  o f  2 - c a r b e th o x y i n d o le  (165 ,
3
3 .8 6  g, 0 .0 2  m ol) i n  d r y  t e t r a h y d r o f u r a n  (20 cm ) .  The r e a c t i o n  m ix­
t u r e  was s t i r r e d  f o r  1  h o u r  a t  room t e m p e r a tu r e  and t h e n  pou red  i n t o
3 310% h y d r o c h l o r i c  a c id  (100 cm ) and e x t r a c t e d  w i th  e t h e r  (3 x 100 cm ) .
3
The combined o r g a n ic  p h a s e s  w ere  washed w i th  w a te r  (2 x  50 cm ) and 
d r i e d  o v e r  anhyd rous  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  under  
r e d u c e d  p r e s s u r e  gave a w h i te  s o l i d .  T h in  l a y e r  c h ro m a to g ra p h ic  a n a l y ­
s i s  ( s i l i c a / d i c h l o r o m e t h a n e )  showed t h e r e  t o  be two com ponen ts ,
2 - c a r b e th o x y i n d o le  and 2 - ( 3 ,4 -d im e th o x y p h e n y l )b ro m o e th a n e  .
B u t a n - 2 , 3 - d io n e  m onophenylhydrazone  (177)
3
E th y l  2 - m e t h y l a c e t o a c e t a t e  (3 g ,  2 .9  cm , 0 .0 2 1  m ol)  was added t o
3
a s o l u t i o n  o f  p o ta s s iu m  h y d r o x id e  ( 1 .2 5  g) i n  w a te r  (47 cm ) ,  and th e n
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3s t i r r e d  f o r  24 h o u rs  and a c i d i f i e d  w i th  2N h y d r o c h l o r i c  a c id  (12 cm ) .
F r e s h l y  d i s t i l l e d  a n i l i n e  (1 .9 3  g ,  1 .9  cm?, 0 .0 2 1  mol) was
added t o  5N h y d r o c h l o r i c  a c id  (15 cm?) and c o o le d  to  0 ° ,  and th e n
3was added a s o l u t i o n  o f  sodium  n i t r i t e  (1 .6 3  g) i n  w a te r  (5 cm ) .
The s o l u t i o n  o f  2 - m e t h y l a c e t o a c e t i c  a c id  (175) was c o o le d  to  
0 °  and t o  i t  was added th e  s o l u t i o n  o f  b e n z en e d iaz o n iu m  c h l o r i d e .
E xcess  sodium  a c e t a t e  (17 g) was added and th e  m ix tu re  s t i r r e d  f o r  
5 m in u te s .  The re d  p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  washed 
w e l l  w i th  2N sodium  c a r b o n a te  s o l u t i o n  and w a t e r ,  and th e n  r e c r y s t a l l i s e d  
from  p e t r o le u m  e t h e r  a s  o ra n g e  n e e d le s  ( 2 .1  g ,  57%) m .p . 135° .
V max (cm“ ^) ; 3260 (N-H), 1645 (C = 0) , 1595 (C=N)
X max (nm ( lo g  e ) )  : 208 ( 3 . 8 1 ) ,  238 ( 4 . 0 5 ) ,  300 ( 3 . 8 3 ) ,
345 (4 .3 2 )
6  (ppm, DMSO) : 1 .9 7  (3H, s ,  CH^), 2 .3 8  (3H, s ,  COCH3 ) ,
6 . 8  -  7 .4  (5H, com plex , a r o m a t i c s ) ,  9 .8 7  
( IH , s ,  NH, removed by d e u t e r a t i o n )
/ e  : 176 (M?), 161 (M-CH^), 133 (M-COCH3 ) , 106 (PhNHN),
99 (M-Ph), 92 (PhNH), 77 (Ph)
M e ta s ta b l e  M* a t  10 0 .5  (176 133)
A ttem p ted  p r e p a r a t i o n  o f  2 - a c e t y l i n d o l e  (44)
(a)  B u t a n - 2 ,3 - d i o n e  m onopheny lhydrazone  (177 , 1 .0  g ,  5 .6 8  mmol)
. • 3was d i s s o l v e d  i n  3N e t h a n o l i c  h y d r o c h l o r i c  a c id  (5 cm ) and h e a te d
unde r  r e f l u x  f o r  1 h o u r .  The r e a c t i o n  m ix tu r e  was c o o le d  and d i l u t e d  
3w i th  w a te r  (50 cm ) .  The p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  
washed w i t h  w a te r  and r e c r y s t a l l i s e d  from  m eth a n o l  to  r e t u r n  t h e  
s t a r t i n g  m a t e r i a l  (0 .9 8  g ,  98%).
(b) Hydrazone (1 7 7 ,  1 .0  g , 5 .6 8  mmol) was h e a te d  u n d e r  r e f l u x
m
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3f o r  1 ho u r  i n  g l a c i a l  a c e t i c  a c id  (5 cm ) .  C o o l in g  and d i l u t i o n  
w i th  w a te r  r e t u r n e d  th e  s t a r t i n g  m a t e r i a l  unchanged .
(c )  The h yd razone  (177 , 1 .0  g ,  5 .6 8  mmol) was added to  p o l y -
p h o s p h o r ic  a c i d  (4 g) and warmed on a w a te r  b a t h .  The t e m p e r a tu r e
r o s e  w i t h i n  a few seco n d s  t o  170° .  The m ix tu r e  was c o o le d ,  d i l u t e d  
3w i t h  w a te r  (50 cm ) and e x t r a c t e d  w i th  e t h e r ,  b u t  no o r g a n i c  m a t e r i a l  
was r e c o v e r e d .
(d) The hyd razone  (177 , 0 .2  g) was h e a te d  u n d e r  r e f l u x  i n
3d i e t h y l e n e  g l y c o l  (2 cm ) f o r  5 h o u r s .  The s o l u t i o n  was c o o le d  and
3d i l u t e d  w i t h  w a te r  (10 cm ) .  The p r e c i p i t a t e d  s t a r t i n g  m a t e r i a l  was 
c o l l e c t e d  and r e c r y s t a l l i s e d  from  e t h a n o l  (0 .1 8  g ,  90%).
(e)  The hy d razo n e  (177 , 1 .0  g) was d i s s o l v e d  i n  20% p o l y -
3p h o s p h o r ic  e s t e r  i n  c h lo r o f o rm  (25 cm ) and h e a te d  u n d e r  r e f l u x  f o r
0 .5  h o u r s .  The s o lv e n t  was removed u n d e r  r e d u c e d  p r e s s u r e  and th e
3r e s i d u e  t r e a t e d  w i th  w a te r  (100 cm ) and e x t r a c t e d  w i t h  e t h e r  (3 x
3 . . . 350 cm ) .  The combined o r g a n i c  p h a s e s  w ere  washed w i th  w a te r  (50 cm )
and d r i e d  o v e r  anhyd rous  sodium  s u l p h a t e .  Removal o f  t h e  s o l v e n t  
u n d e r  re d u c e d  p r e s s u r e  gave th e  s t a r t i n g  m a t e r i a l  (0 .9 6  g ,  96%).
P o ly p h o s p h o r ic  e s t e r
3P h o sp h o ru s  p e n to x id e  (60 g) was added to  c h lo r o f o r m  (60 cm ) 
and d ry  e t h e r  (120 cm ) and h e a te d  u n d e r  r e f l u x  f o r  3 h o u r s .  E xcess  
p h o sp h o ru s  p e n to x id e  was removed by f i l t r a t i o n .  The s o l v e n t  was 
removed u n d e r  re d u c e d  p r e s s u r e  to  l e a v e  a c o l o u r l e s s  o i l  (71 g) w hich 
was d i s s o l v e d  i n  c h lo r o f o rm  to  form  a 2 0 % w/v s o l u t i o n .
1 - ( 3 , 4 -D im e th o x y p h en y l) b u t e n - 3-one  (179)
3 , 4 -D im e thoxybenza ldehyde  (178 , 10 g ,  0 .0 6  m ol) was d i s s o l v e d  i n
167
3 3
A n a la r  a c e to n e  (20 cm ) and added t o  w a te r  (300 cm ) .  30% Sodium
3
h y d ro x id e  s o l u t i o n  ( 1 .5  cm ) was added and th e  r e a c t i o n  m ix tu re  
s t i r r e d  f o r  20 h o u r s  a t  room t e m p e r a t u r e .  The b r i g h t  y e l lo w  s o l i d  
was c o l l e c t e d  by f i l t r a t i o n  and r e c r y s t a l l i s e d  from  m e th a n o l  ( 1 0 .5  g, 
85%) m .p . 8 1 ° .
V max (cm ^) : 1670 (C=0)
X max (nm ( lo g  e ) )  : 207 ( 4 . 0 9 ) ,  226 ( 3 . 9 8 ) ,  245 ( 4 . 0 1 ) ,
342 ( 4 .2 3 )
Ô (ppm, CDCI3 ) : 2 .3 9  (3H, s ,  Œ ^ ) ,  3 .9 3  ( 6 H, s ,  2 x  OCH3 ) ,
6 .6 0  (IH , d ,  CHCO, J  = 16H^), 6 . 8 8  ( IH , d ,
C3 H, J  = 8 H3 J ,  7 .0 9  (IH , d ,  C^H, J  =
7 .1 2  (IH , dd , CgH, = 8 H y  = 2H^),
7 .4 8  (IH , d ,  Œ ,  J  = 1 6 H ^ .
™/e : 206 (M^), 191 (M-CH^), 163 (M-COCH3 ) ,  151 (ArCH^)
M e ta s ta b l e  M* a t  177 .1  (206 -^> 191 )  and 1 3 9 .1  ( 1 9 1 —> 1 6 3 ) .
A ttem p ted  p r e p a r a t i o n  o f  1 - ( 3 ,4 - d i m e t h o x y p h e n y l ) - 5 - ( 2 - n i t r o p h e n y l ) p e n t a -
1 ,4 - d ie n o n e
( a )  To a s t i r r e d  s o l u t i o n  o f  sodium  h y d r o x id e  ( 0 .4 8  g , 0 .0 1 2  m ol)
3
i n  w a te r  (5 cm ) was added a s o l u t i o n  o f  l - ( 3 ,4 - d i m e t h o x y p h e n y l ) b u te n -
3
3 -one  (1 7 9 , 2 .0  g , 97 mmol) i n  e t h a n o l  (5 cm ) f o l lo w e d  by a s o l u t i o n
3
o f  2 - n i t r o b e n z a ld e h y d e  ( 1 .4 7  g , 9 .7  mmol) i n  e t h a n o l  (5 cm ) .  The
deep  r e d  s o l u t i o n  was s t i r r e d  f o r  3 days  and th e n  added  to  w a te r
3 3(50 cm ) and e x t r a c t e d  w i th  d i c h lo r o m e th a n e  (3 x 50 cm ) .  The combined
3
o r g a n ic  p h a s e s  were washed w i th  w a te r  (50 cm ) and d r i e d  ove r  anhyd rous  
sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave a 
b l a c k  o i l  which c o u ld  n o t  be p u r i f i e d .
(b )  A s o l u t i o n  o f  sod ium  h y d r o x id e  ( 0 .4 8  g , 0 .0 1 2  m ol)  i n  w a te r
3
(5 cm ) was c o o le d  on i c e  and  t o  i t  was added a s o l u t i o n  o f  t h e  k e to n e
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3(179 , 2 .0  g , 9 .7  mmol) i n  e t h a n o l  ( 2 .5  cm ) .  A s o l u t i o n  o f  2 - n i t r o -  
b e n z a ld e h y d e  ( 1 .4 7  g , 9 .7  mmol) was added  d ro p w ise  a t  such  a r a t e  t h a t  
th e  t e m p e r a tu r e  d i d  n o t  e x ceed  2 5 ° .  The m ix tu re  was s t i r r e d  f o r  4
3
h o u r s  a t  room t e m p e r a t u r e ,  added  t o  w a te r  (150 cm ) and w orked-up  as
above t o  g iv e  an  i n t r a c t a b l e  r e d  o i l .
( c )  2 - N i t r o b e n z a ld e h y d e  ( 1 .5 1  g , 0 .0 1  m ol) and th e  k e to n e
3
(179 , 2 .0 6  g , 0 .0 1  m o l)  w ere  h e a t e d  w i th  p i p e r i d i n e  ( 0 .1 2  cm ) a t  
130° f o r  2 h o u r s .  The m ix tu r e  was c o o le d  t o  100° and g l a c i a l  a c e t i c
3
a c id  (4  cm ) added  t o  t a k e  up th e  p i p e r i d i n e .  The m ix tu re  was added
3 3t o  w a te r  (50 cm ) and e x t r a c t e d  w i th  c h lo ro fo rm  (3 x 20 cm ) .  The
3
combined o r g a n ic  p h a s e s  were washed w i th  w a te r  ( 2 0  cm ) and d r i e d  ove r
a nhyd rous  sodium  s u l p h a t e .  Removal o f  t h e  s o l v e n t  under  r e d u c e d
p r e s s u r e  gave a s o l i d  w hich  was shown t o  be a m ix tu re  o f  th e  two 
s t a r t i n g  m a t e r i a l s  by t h i n  l a y e r  c h ro m a to g rap h y  and mass s p e c t r o m e t r y .
4 , 5 , 6 , 7 - T e t r a h y d r o i n d o le  (181)
3
To l i q u i d  ammonia (200 cm ) c o n ta i n e d  in  a Dewar v e s s e l  was added
3
a s o l u t i o n  o f  i n d o le  (1 3 ,  4 .6 8  g , 0 .0 4  m ol)  i n  d r y  m e th a n o l  (24 cm ) .  
Then l i t h i u m  m e ta l  ( 1 .1 2  g , 0 .1 6  m ol)  was added p o r t i o n w i s e  and th e  
m ix tu re  s t i r r e d  o v e r n i g h t  t o  a l lo w  th e  ammonia t o  e v a p o r a t e .  The
3
r e s i d u e  was t r e a t e d  w i t h  w a te r  (100 cm ) and e x t r a c t e d  w i th  e t h e r  (3 x
3 350 cm ) .  The combined o r g a n ic  p h a s e s  w ere  washed w i th  w a te r  (50 cm )
and d r i e d  o v e r  an h y d ro u s  sodium  s u l p h a t e .  The s o l v e n t  was removed under
r e d u c e d  p r e s s u r e  and th e  r e s i d u a l  brown o i l  ( 4 .6 1  g) d i s s o l v e d  in
3
e t h y l  a c e t a t e  ( 1 0 0  cm ) and h y d r o g e n a te d  ( 2  atm ) o v e r n i g h t  w i th  1 0 % 
p a l l a d iu m  on c a rb o n  ( 0 .1  g) a s  c a t a l y s t .  F i l t r a t i o n  and rem ova l  o f  
th e  s o l v e n t  under  r e d u c e d  p r e s s u r e  fo l lo w e d  by vacuum d i s t i l l a t i o n  gave 
th e  p ro d u c t  (181)  as  a c o l o u r l e s s  o i l  ( b . p .  96° a t  0 . 4  mm Hg) which
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c r y s t a l l i s e d  on s t a n d i n g  ( 4 .1 7  g , 8 6 %) m .p . 52° ( l i t . ^ ^  m .p . 5 5 ° ) .
V max (cm ^ ) : 3360 (N-H)
(S (ppm, CDClg) : 1 .7  - 1 .9  (4H, com plex , 2 x CH^), 2 .5  -  2 .6  (4H, 
com plex , 2 x CH^), 5 .9 5  (IH , d ,  C^H, J = 3 H ^ ,
6 .5 5  (IH , d , C^H, J  = 3H^), 7 .4  -  7 .8  (IH , 
b r o a d ,  NH, removed by d e u t e r a t i o n )
™/e : 1 2 1  (M^)
T h is  compound was u sed  im m e d ia te ly  s i n c e  i t  was found  t o  decompose on 
s t a n d i n g .
2 - ( 3 ,4 - D i m e t h o x y p h e n y l p r o p a n o y l ) - 4 ,5 , 6 , 7 - t e t r a h y d r o i n d o l e  (184)
To d r i e d  m agnesium t u r n i n g s  ( 4 .8 6  g , 0 .1 9  m ol)  and a c r y s t a l  o f
3 3io d in e  i n  d r y  e t h e r  (50 cm ) was added b rom oethane  (1 9 .7 1  g ,  13 .5  cm ,
3
0 .1 8  m ol) i n  d r y  e t h e r  (100 cm ) .  To t h i s  was added  d ro p w ise  a s o l u ­
t i o n  o f  4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e  (1 8 1 , 20 g , 0 .1 6 5  m ol) in  d ry  e t h e r
3
(150 cm ) .  The m ix tu r e  was h e a t e d  under  r e f l u x  f o r  0 . 5  h o u r s  and th e n  
added d ro p w ise  t o  a s o l u t i o n  o f  m e th y l  3 ,4 -d i r a e th o x y p h e n y lp ro p a n o a te
3
(159 , 37 g , 0 .1 6 5  m ol)  i n  d r y  e t h e r  (400 cm ) .  The r e a c t i o n  m ix tu re  
was s t i r r e d  a t  room t e m p e r a t u r e  under  n i t r o g e n  f o r  1  week and th e n
3
pou red  i n t o  2N h y d r o c h l o r i c  a c i d  (1 dm ) and e x t r a c t e d  w i th  d i c h l o r o -
3
m ethane  (3 x 400 cm ) .  The combined o r g a n ic  p h a s e s  w ere  washed w i th
3
w a te r  (250 cm ) and d r i e d  o v e r  anh y d ro u s  sodium s u l p h a t e .  Removal o f
th e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a r e d  gum w hich  was b o i l e d
3
w i th  p r o p a n - 2 - o l  (50 cm ) .  On c o o l i n g  th e  p r e c i p i t a t e  was c o l l e c t e d  
by f i l t r a t i o n  and r e c r y s t a l l i s e d  from e t h a n o l  as  f i n e  w h i te  n e e d le s  
(9 .0 8  g, 17.6%) m .p .  121° .
V max (cm ^) : 3250 (N-H), 1610 (C=0)
A max (nm ( l o g  e ) )  : 207 ( 4 . 3 4 ) ,  226 ( 3 . 9 8 ) ,  265 ( 3 . 6 9 ) ,  322 ( 4 .2 6 )
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6  (ppm, CDClg) : 1 .6  - 1 .9  (4H, com plex , y 2 .4  - 2 .7
(4H, com plex, C^, H^, C^H^), 2 .9 9  (4H, s ,  
CH^CH^), 3 .8 3  ( 6 H, s ,  2 x  OCH^), 6 . 6 6  (IH , s ,  
C3 H ), 6 .7 6  (3H, com plex , a r o m a t i c s ) ,  9 .7 6  (IH ,
s ,  NH, removed by d e u t e r a t i o n )  
2̂™/e : 313 (M^), 151 (ArCH„), 121 ( t e t r a h y d r o i n d o l e )
2 - (3 ,4 - D im e th o x y p h e n y lp r o p a n o y l ) in d o le  (154)
2 - ( 3 , 4 -D im e th o x y p h e n y lp ro p a n o y l) - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e  (184 ,
1 g , 3 .2  mmol) and d i c h lo r o d ic y a n o b e n z o q u in o n e  ( 1 .7 4  g, 7 .7  mmol)
3
were  h e a t e d  unde r  r e f l u x  in  d r y  t o lu e n e  (5 cm ) f o r  20 h o u r s .  The 
p r e c i p i t a t e d  q u in o l  was removed by f i l t r a t i o n  and washed w i th  c h l o r o ­
form . The f i l t r a t e  was e v a p o r a te d  under  r e d u c e d  p r e s s u r e  and th e  
r e s i d u a l  o ran g e  s o l i d  r e c r y s t a l l i s e d  from  m e th a n o l  a s  f i n e  o range  
n e e d le s  ( 0 .4 7  g , 47.6%) m .p . 159° .
V max (cm‘ ^) : 3320 (N-H), 1650 (C=0)
X max (nm ( lo g  e ) )  : 216 ( 4 . 5 3 ) ,  227 ( 4 . 3 5 ) ,  312 ( 4 .3 5 )
6  (ppm, CDClg) : 3 .0  -  3 .3  (4H, 2 t ,  CH^CH^, J  = 6 Hg_), 3 .8 2  ( 6 H, 
s ,  2 X OCHg), 6 .7 4  (3H, com plex , a r o m a t i c s ) ,  
7 .0  -  7 .7  (5H, com plex , i n d o le  a r o m a t i c s ) ,
9 .5 2  (IH , b r o a d ,  NH, removed by d e u t e r a t i o n )
Ô (ppm, DMSO) : 2 9 .6 9  ( t ,  2 x CH^), 5 5 .4 8  ( q ,  2 x OCH^),
1 0 8 .7 9  ( d ) ,  112 .20  ( d ) ,  112 .63  ( d ) ,  1 2 0 .06  ( d ) ,
1 2 2 .4 4  ( d ) ,  1 25 .20  ( d ) ,  126 .88  ( s ) ,  1 3 3 .60  ( s ) ,
1 3 5 .39  ( s ) ,  137 .72  ( s ) ,  147 .25  ( s ) ,  148 .77  ( s ) ,
19 1 .8 4  ( s ,  C=0)
™/e : 309 (M^), 151 (ArCH^), 117 ( i n d o l e )
Found : C, 7 3 .7 ;  H, 6 .2 ;  N, 4 . 6 .
C1 9 H1 9 NO3  r e q u i r e s  : C, 7 3 .8 ;  H, 6 .1 5 ;  N, 4.6%.
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Anodic o x i d a t i o n  o f  2 - ( 3 ,4 - d im e th o x y p h e n y lp r o p a n o y l ) in d o le  (154)
( a )  2 - ( 3 ,4 - D im e th o x y p h e n y lp r o p a n o y l ) in d o le  (154 , 1 g) was
3
d i s s o l v e d  in  0 . 1  M sodium  p e r c h l o r a t e  in  d ry  a c e t o n i t r i l e  (150 cm )
and e l e c t r o l y s e d  a t  an anode p o t e n t i a l  o f  + 1 . 1  -  1 . 2  v o l t s  u n t i l
-1
t h e  c u r r e n t  d ropped  t o  10 mA and 3F.m ol o f  c h a rg e  had  been  consumed. 
The a n o ly t e  was p a r t i a l l y  e v a p o r a te d  under r e d u c e d  p r e s s u r e  and th e
3
r e s i d u e  t r e a t e d  w i th  w a te r  ( 2 0 0  cm ) and e x t r a c t e d  w i th  d i c h l o r o -
3
m ethane (3 x 100 cm ) .  The combined o r g a n ic  p h a se s  w ere  washed w i th
3
w a te r  (100 cm ) and d r i e d  o v e r  a nhyd rous  sodium s u l p h a t e .  Removal 
o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave a b l a c k  s o l i d  which was 
c h ro m a to g rap h ed  on s i l i c a  e l u t i n g  w i th  e t h e r .  The s t a r t i n g  m a t e r i a l  
(154 , 0 . 1  g , 10%) was o b t a i n e d  b u t  t h e  r e s t  o f  t h e  m a t e r i a l  was a t a r .
(b )  The s u b s t r a t e  (1 5 4 , 1 g) was o x i d i s e d  a s  above a t  a
-1
p o t e n t i a l  o f  + 0 .8  -  1 .0  v o l t s  u n t i l  2F .m ol o f  c h a rg e  had  been  co n ­
sumed . Work-up gave a t a r r y  r e s i d u e  and s t a r t i n g  m a t e r i a l  (0 .6 7 g ,  
67%).
P a l la d iu m  a c e t a t e  o x i d a t i o n  o f  3 - ( 3 , 4 - d im e th o x y p h e n y lp r o p a n o y l ) in d o le  (74 )
( a )  3 - ( 3 , 4 -D im e th o x y p h e y lp ro p a n o y l ) in d o le  (7 4 ,  0 .6 2  g , 2 mmol) 
and p a l l a d iu m  a c e t a t e  ( 0 . 2 2  g ,  1  mmol) were h e a t e d  under  r e f l u x  in
3
g l a c i a l  a c e t i c  a c id  (80 cm ) under  n i t r o g e n  f o r  20 h o u r s .  E v a p o r a t io n  
o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  fo l lo w e d  by column c h ro m a to g rap h y  
on s i l i c a  e l u t i n g  w i th  50% e t h e r  i n  p e t r o le u m  e t h e r  gave a y e l lo w  s o l i d  
which c o u ld  n o t  be s e p a r a t e d  i n t o  i t s  com ponen ts .
™/e : 351, 309, 307
(b )  The in d o le  (7 4 ,  0 .3 1  g , 1 mmol) and p a l l a d iu m  a c e t a t e  (0 .2 2  g ,
3
1  mmol) were h e a t e d  under r e f l u x  in  g l a c i a l  a c e t i c  a c id  (60 cm ) under 
n i t r o g e n  f o r  20 h o u r s .  The r e a c t i o n  was w orked-up  a s  a b o v e .
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P r e p a r a t i v e  l i q u i d  c h ro m a to g ra p h y  on a p re -p a c k e d  s i l i c a  column 
e l u t i n g  w i th  3 5 % e t h y l  a c e t a t e  i n  p e t r o le u m  e t h e r  gave th e  s u b s t r a t e  
( 0 .1 5  g , 48%) b u t  no f u r t h e r  s e p a r a t i o n  was a c h ie v e d .
( c )  The in d o le  (74 , 0 .9 3  g, 3 mmol) and p a l l a d iu m  a c e t a t e  ( 1 .3 4  g,
3
6  mmol) were h e a t e d  under  r e f l u x  i n  g l a c i a l  a c e t i c  a c id  ( 2 0 0  cm ) f o r  
20 h o u r s .  S e p a r a t i o n  o f  t h e  p r o d u c t s  a g a in  p ro v ed  t o  be im p o s s ib l e .
( d )  The i n d o le  (7 4 ,  1 .5 5  g , 5 mmol), p a l l a d iu m  a c e t a t e  ( 0 .5 6  g,
2 .5  mmol) and co p p e r  a c e t a t e  (5  g , 25 mmol) were h e a t e d  under  r e f l u x  in
3
g l a c i a l  a c e t i c  a c id  (300 cm ) f o r  16 h o u r s .  The s o l v e n t  was e v a p o ra te d
3
under r e d u c e d  p r e s s u r e  and th e  r e s i d u e  added  t o  w a te r  (500 cm ) and
3
e x t r a c t e d  w i th  c h lo ro fo rm  (3 x 200 cm ) .  The combined o r g a n ic  p h a ses
3
w ere  washed w i th  w a te r  ( 2 0 0  cm ) and d r i e d  ove r  anh y d ro u s  sodium 
s u l p h a t e .  Removal o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  fo l lo w e d  by 
c h ro m a to g rap h y  on s i l i c a  e l u t i n g  w i th  e t h e r  gave a s o l i d  which c o u ld  
n o t  be s e p a r a t e d .
™/e : 351, 309
( e )  The in d o le  (7 4 ,  1 .5 5  g , 5 mmol), p a l l a d iu m  a c e t a t e  (0 .1 1  g,
0 . 5  mmol) and co p p e r  a c e t a t e  ( 0 .1  g , 0 . 5  mmol) were h e a t e d  under r e f l u x
3
f o r  18 h o u r s  i n  d ry  a c e t o n i t r i l e  (500 cm ) .  Oxygen was b u b b led  th ro u g h  
t h e  r e a c t i o n .  Work-up i n  t h e  u s u a l  way gave s t a r t i n g  m a t e r i a l  ( 0 .7 9  g, 
51%).
( f )  The in d o le  (74 , 0 .9 3  g , 3 mmol) and p a l l a d iu m  a c e t a t e
3
( 0 .6 7  g , 3 mmol) were h e a t e d  under  r e f l u x  i n  d ry  a c e t o n i t r i l e  (100 cm ) 
f o r  3 d a y s .  T h in  l a y e r  c h ro m a to g ra p h y  showed t h a t  no r e a c t i o n  had  
o c c u r r e d .
1- M e t h y l - 3 - ( 3 ,4 - d im e th o x y p h e n y lp r o p a n o y l ) in d o le  (186)
To a s o l u t i o n  o f  p o ta s s iu m  h y d r o x id e  ( 4 .5  g) i n  d ry  d im e th y l s u lp h -
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3
o x id e  (40 cm ) under  n i t r o g e n  was added 3 - ( 3 ,4 - d im e th o x y p h e n y lp ro p a n -  
o y l ) i n d o l e  (7 4 ,  3 .0 9  g , 0 .0 1  m o l) .  The s o l u t i o n  was s t i r r e d  f o r  3 h o u r s
3
and th e n  was added iodom ethane  ( 1 .5  g , 0 . 7  cm , 0 .0 1 1  m o l) .  The 
m ix tu re  was s t i r r e d  o v e r n i g h t  a t  room t e m p e r a tu r e  and th e n  d i l u t e d  w i th
3
w a te r  (90 cm ) .  The s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i th  
w a te r  and r e c r y s t a l l i s e d  from m e th a n o l  t o  g iv e  t h e  p ro d u c t  (186)  as 
p a l e  y e l lo w  c r y s t a l s  ( 2 . 1 2  g ,  6 6 %) m .p . 114° .
V max (cm ^) : 1640 (C=0)
X max (nm ( lo g  e ) )  : 208 ( 4 . 5 1 ) ,  247 ( 4 . 1 3 ) ,  310 ( 4 .0 6 )
6  (ppm, DMSO) : 2 .8  -  3 .3  (4H, com plex , 2 x CH^), 3 .6 9  (3H, s ,  
OCH3 ) ,  3 .7 3  (3H, s ,  OCH3 ) ,  3 .7 8  (3H, s ,  NCH^),
6 . 8  -  6 .9  (3H, com plex , a r o m a t i c s ) ,  7 .2  - 7 .5  
(3H, com plex , i n d o le  a r o m a t i c s ) ,  8 .2  -  8 .4  (2H, 
com plex , i n d o le  a r o m a t i c s )
™/e : 323 (M^), 151 (ArCH^)
P a l la d iu m  a c e t a t e  o x i d a t i o n  o f  l - m e th y l - 3 - ( 3 ,4 - d i m e t h o x y p h e n y l p r o p a n o y l )  
i n d o le  (186)
The s u b s t r a t e  (1 8 6 ,  0 .9 7  g , 3 mmol) and p a l l a d iu m  a c e t a t e  ( 1 .3 4  g ,
3
6  mmol) were h e a t e d  under  r e f l u x  i n  g l a c i a l  a c e t i c  a c i d  ( 2 0 0  cm ) f o r  
16 h o u r s .  Work-up i n  th e  u s u a l  way r e t u r n e d  th e  s t a r t i n g  m a t e r i a l  
( 0 .9 4  g , 97%).
3 - ( 3 ,4 - D im e th o x y p h e n y la c e ty l ) i n d o l e  (73 )
3 ,4 - D im e th o x y p h e n y la c e t ic  a c id  ( 1 9 .6  g , 0 . 1  m ol)  was h e a t e d  under
3
r e f l u x  f o r  0 . 5  h o u r s  w i th  r e d i s t i l l e d  t h i o n y l  c h l o r i d e  (30 cm ) in  d ry  
3
t o lu e n e  (100 cm ) .  Removal o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave 
a r e d  o i l  w hich was used  im m e d ia te ly .
To d r i e d  magnesium t u r n i n g s  ( 2 .9  g , 0 .1 2  m ol) and a s m a l l  c r y s t a l
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3 3o f  io d in e  i n  d r y  e t h e r  (30 cm ) was added b rom oethane  ( 1 0 .9  g, 7 .4 6  cm ,
3
0 . 1  m ol)  i n  d ry  e t h e r  (50 cm ) .  I n d o le  (13 , 1 1 .7  g , 0 . 1  m ol) in  d r y
3 3e t h e r  (50 cm ) was added d ro p w ise  fo l lo w e d  by d i c h 1orom ethane  (10 cm ) .
The G r ig n a rd  r e a g e n t  was added  d ro p w ise  t o  a s o l u t i o n  o f  th e  a c id
3
c h l o r i d e  (142)  in  d r y  e t h e r  (100 cm ) w i th  c o o l i n g  on i c e .  The m ix ­
t u r e  was s t i r r e d  a t  room t e m p e r a tu r e  f o r  3 days  and th e n  h y d r o ly s e d
3
w i th  2N h y d r o c h l o r i c  a c id  (400 cm ) and e x t r a c t e d  w i th  c h lo ro fo rm
3
(3 X 200 cm ) .  The combined o r g a n i c  p h a se s  w ere  washed w i th  w a te r
3
(200 cm ) and d r i e d  o v e r  a n h y d ro u s  sodium  s u l p h a t e .  Removal o f  th e  
s o l v e n t  under  r e d u c e d  p r e s s u r e  l e f t  a  v i s c o u s  r e d  o i l  w hich was b o i l e d
3
w i th  m e th a n o l  (20 cm ) .  On c o o l i n g  th e  s o l i d  was c o l l e c t e d  by f i l ­
t r a t i o n  and r e c r y s t a l l i s e d  from  m e th a n o l  a s  c o l o u r l e s s  n e e d le s  ( 4 .7 5  g, 
16%) m .p . 181° .
V max ( c m ' l )  : 3170 (N-H), 1630 (C=0)
A max (nm ( l o g  e ) )  : 2 1 1  ( 4 . 3 1 ) ,  262 ( 4 . 0 4 ) ,  250 ( 3 . 8 1 ) ,  291
( 3 . 8 7 ) ,  302 ( 3 .9 0 )
6  (ppm, DMSO) : 3 .6 8  (3H, s ,  OCH^), 3 .7 1  (3H, s ,  OCH^), 4 . OH
(2H, s ,  CH^), 6 . 8  -  8 .2  (7H, com plex , a r o m a t i c s ) ,  
8 .4 1  ( IH , s ,  C^H), 11 .7 6  ( IH , b ro a d  s ,  NH, 
removed by d e u t e r a t i o n )
™/e : 295 (M^), 151 (ArCH^), 144 (M-ArCH^), 116 ( i n d o l e )  .
M e ta s t a b l e s  m’̂  a t  9 3 .4  (144 116) and  703 (295 ^  144)
P a l la d iu m  a c e t a t e  o x i d a t i o n  o f  3 - ( 3 ,4 - d i m e t h o x y p h e n y l a c e t y l ) i n d o l e  (73 )  
The i n d o le  (7 3 ,  1 .47  g ,  5 mmol) and p a l l a d iu m  a c e t a t e  ( 2 .2 5  g ,
3
0 . 0 1  m ol)  were h e a t e d  under  r e f l u x  in  g l a c i a l  a c e t i c  a c i d  (400 cm ) f o r  
18 h o u r s .  W ork-up i n  t h e  u s u a l  way r e t u r n e d  th e  s t a r t i n g  m a t e r i a l  
u n c h a n g e d .
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3 , A -D im ethoxybenzoyl c h l o r i d e  (188)
3 ,4 -D im e th o x y b en z o ic  a c id  (1 8 .2  g ,  0 .1  mol) and r e d i s t i l l e d  
3t h i o n y l  c h l o r i d e  (40 cm ) were h e a te d  u n d e r  r e f l u x  i n  d ry  t o lu e n e
3
(100 cm ) f o r  1 .5  h o u r s .  Removal o f  t h e  s o lv e n t  u n d e r  red u c e d  
p r e s s u r e  gave a  w h i te  s o l i d  w hich  was used  im m e d ia te ly  (20 g ,  97%).
3 - ( 3 , 4 - D im e th o x y b e n z o y l ) in d o le  (189)
To d r i e d  magnesium t u r n i n g s  ( 2 .9  g ,  0 .1 2  mol) and a c r y s t a l  o f
3 3i o d in e  i n  d ry  e t h e r  (10 cm ) was added b rom oethane  (1 0 .9  g ,  7 .5  cm ,
3
0 .1  mol) i n  d r y  e t h e r  (20 cm ) .  I n d o le  (1 3 ,  11 .7  g ,  0 .1  mol) i n  d r y
3 . 3e t h e r  (40 cm ) was added fo l lo w e d  by d r y  d ic h lo r o m e th a n e  (10 cm ) .
3 , 4 -D im ethoxybenzoy l  c h l o r i d e  (188 , 20 g ,  0 .1  mol) was d i s s o l v e d
i n  d r y  e t h e r  ( 1 0 0  cm ) and t o  i t  was added th e  s o l u t i o n  o f  th e
G r ig n a rd  r e a g e n t  (41) p r e p a r e d  ab o v e .  The m ix tu re  was s t i r r e d  f o r
3 days  a t  room t e m p e ra tu re  and th e n  h y d r o ly s e d  w i th  2N h y d r o c h l o r i c
3 . 3a c id  (400 cm ) and e x t r a c t e d  w i th  c h lo r o f o rm  (3 x 500 cm ) .  The
3combined o r g a n i c  p h a s e s  were washed w i th  w a te r  (500 cm ) and d r i e d
o v e r  anh y d ro u s  sodium  s u l p h a t e .  Removal o f  th e  s o l v e n t  u n d e r  r e d u c e d
3p r e s s u r e  gave a p in k  gum w hich  was b o i l e d  w i th  m eth a n o l  (50 cm ) .  On 
c o o l i n g  th e  p a l e  y e l lo w  s o l i d  was c o l l e c t e d  by f i l t r a t i o n  and 
r e c r y s t a l l i s e d  from  m e th a n o l  a s  c o l o u r l e s s  n e e d le s  (1 3 .1 5  g ,  47%) 
m .p . 199° .
V max (cm"^) : 3160 (N-H), 1610 (C=0)
X max (nm ( lo g  e ) )  : 214 ( 4 .6 3 ,  257 ( 3 . 8 7 ) ,  265 ( 3 . 8 7 ) ,  272 ( 3 . 8 9 ) ,
325 ( 3 .9 7 )
<S (ppm, DMSO) : 3 .8 2  ( 6 H, s ,  2 x OCH^), 7 .0 4  (IH , d ,  C ^ ,
J  = 8 H ^), 7 .1  -  7 .3  (2H, com plex , C ^ ,  C ^ ) ,
7 .4  -  7 .6  (2H, com plex , C ^ ,  Cy_H) , 7 .4 1  (IH , s .
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C^H), 8 .0 1  (IH , d ,  C^,H, J  = 2 H p ,  8 .2  -  8 .3  
(IH , com plex , C ^ )
°^/e : 281 (M^), 266 (M-CH^), 165 (ArCO), 144 (M -A r), 116 ( i n d o l e )
P a l la d iu m  a c e t a t e  o x i d a t i o n  o f  3 - ( 3 , 4 - d im e th o x y b e n z o y l ) in d o le  (189)
(a )  The i n d o le  (1 8 9 , 2 .8 1  g ,  0 .0 1  mol) and p a l l a d iu m  a c e t a t e
(4 .4 8  g ,  0 .0 2  mol) were h e a te d  u n d e r  r e f l u x  f o r  24 h o u rs  i n  g l a c i a l
3a c e t i c  a c i d  (500 cm ) .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  
gave a t a r r y  s o l i d  w hich  was c h ro m a to g rap h ed  on s i l i c a  e l u t i n g  w i th  
e t h e r  t o  g iv e  a t r a c e  amount o f  a  y e l lo w  s o l i d .
™/e : 279
3(b) The above r e a c t i o n  was r e p e a t e d  w i th  a c e t o n i t r i l e  (250 cm ) 
a s  s o l v e n t .  The s u b s t r a t e  f a i l e d  to  r e a c t  a t  a l l .
1 - M e t h y l - 3 - ( 3 , 4 - d im e th o x y b e n z o y l ) in d o le  (190)
P o ta s s iu m  h y d ro x id e  ( 2 .3  g) was d i s s o l v e d  in  d r y  d i m e th y l s u lp h -  
3 .o x id e  (40 cm ) u n d e r  n i t r o g e n .  3 - ( 3 , 4 - D im e th o x y b e n z o y l ) in d o le  (189 , 
2 .81  g ,  0 .0 1  mol) was added and th e  s o l u t i o n  s t i r r e d  f o r  3 h o u r s .
3
Iodom ethane ( 1 .5  g ,  0 .7  cm , 0 .0 1 1  m ol) was added and th e  m ix tu re
s t i r r e d  f o r  2 0  h o u r s  a t  room t e m p e r a tu r e  and th e n  d i l u t e d  w i th  w a te r  
3(100 cm ) .  The p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i th  
w a te r  and r e c r y s t a l l i s e d  from  m e th a n o l  a s  w h i t e  n e e d le s  (2 .4 9  g ,  84%) 
m .p . 131° .
V max (cm ̂ ) : 1615 (C=0)
X max (nm ( lo g  e ) )  : 216 ( 4 . 5 8 ) ,  264 ( 4 . 2 2 ) ,  330 ( 4 .2 4 )
6  (ppm, DMSO) : 3 .8 5  ( 6 H, s ,  2 x OCH^), 3 .8 6  (3H, s ,  NCH^),
7 .0 2  (IH , d ,  C^.H, J  = 7 H p ,  7 .2  -  7 .5  (5H,
com plex , a r o m a t i c s ) ,  7 .9 6  (IH , s ,  C^H)
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8 .2  -  8 .3  (IH , com plex , C ^ )  
/ e  : 295 (m‘J‘) ,  158 (M-Ar), 130 (M-Ar-CO)
4 - M e t h y l - 8 ,9 - d im e t h o x y - 4 ,6 - d i h y d r o n a p h t h o [ 3 , 2 , l-c_ ,d _ ] in d o l- 6 -o n e  (191)
l - M e t h y l - 3 - ( 3 , 4 - d im e th o x y b e n z o y l ) in d o le  (190 , 1 .4 7  g ,  5 mmol) and
p a l l a d iu m  a c e t a t e  ( 1 .1 2  g ,  5 mmol) were h e a te d  u n d e r  r e f l u x  i n  g l a c i a l
3a c e t i c  a c i d  (150 cm ) f o r  18 h o u r s .  The s o l v e n t  was removed unde r  
r e d u c e d  p r e s s u r e  and th e  r e s i d u e  ch ro m a to g rap h ed  on s i l i c a  e l u t i n g  
w i t h  e t h e r .  The i n i t i a l  f r a c t i o n s  were a l l  m i x t u r e s ,  b u t  e v a p o r a t i o n  
o f  t h e  f i n a l  f r a c t i o n s  u n d e r  r e d u c e d  p r e s s u r e  and r e c r y s t a l l i s a t i o n  
f rom  e t h a n o l  gave  (191) a s  a r e d  s o l i d  ( 0 .0 3  g ,  3.2%) m .p .  211° .
V max (cm ^) : 1680 (C=0)
X max (nm ( lo g  e ) )  : 208 ( 4 . 2 4 ) ,  229 ( 4 . 0 8 ) ,  239 ( 4 . 0 8 ) ,
246 ( 4 . 0 7 ) ,  255 ( 4 . 0 8 ) ,  286 (4 .5 3 )
6  (ppm, CFgCOOD) : 3 .3 2  (3H, s ,  NCH^), 3 .7 7  ( 6 H, s ,  2 x OCH^),
6 .3 8  (IH , s ) ,  6 .5 2  (IH , s ) , 6 .7  -  7 .4  (4H, 
com plex , a r o m a t i c s )
™/e : 293 (m'Î '), 278 (M-CH^), 250 (M-CH^-CO)
M e ta s t a b l e  M* a t  2 6 3 .8  (293 ^  278)
Found : C, 7 7 .7 5 ;  H, 5 . 0 ;  N, 4 . 8 .
C1 8 H1 5 NO3  r e q u i r e s  : C, 7 7 .8 ;  H, 5 .1  ; N, 4.8%
3 - B e n z o y l in d o le  (192)
To d r i e d  m agnesium  t u r n i n g s  ( 2 .9  g ,  0 .1 2  mol) and a c r y s t a l  o f
3 3i o d in e  i n  d ry  e t h e r  (10 cm ) was added b rom oethane  (1 0 .9  g ,  7 .5  cm ,
30 .1  mol) i n  d ry  e t h e r  ( 2 0  cm ) f o l lo w e d  by a s o l u t i o n  o f  i n d o l e  (13 ,
311 .7  g ,  0 .1  mol) i n  d r y  e t h e r  (40 cm ) .  The m ix tu r e  was s t i r r e d  f o r  
0 .2 5  h o u r s  and t h e n  hom ogenised  by th e  a d d i t i o n  o f  d ry  d i c h lo r o m e th a n e
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3(10 cm ) .  The G r ig n a rd  r e a g e n t  (41) was th e n  added d ro p w ise  t o  b en z o y l
c h l o r i d e  (1 4 .0 5  g ,  11 .6  cm^, 0 .1  mol) i n  d ry  e t h e r  (100 cm ?). The
r e a c t i o n  m ix tu re  was s t i r r e d  a t  room t e m p e r a tu r e  f o r  6  days  and th e n
3h y d r o ly s e d  w i th  2N h y d r o c h l o r i c  a c id  (400 cm ) and e x t r a c t e d  w i th
3 . .c h lo r o f o rm  (3 x 500 cm ) .  The combined o r g a n i c  p h a s e s  were washed w i t h
3w a te r  (500 cm ) and d r i e d  o v e r  anh y d ro u s  sodium  s u l p h a t e .  Removal o f  
th e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a  p a l e  y e l lo w  s o l i d  w hich  was 
r e c r y s t a l l i s e d  tw ic e  from  m e th a n o l  a s  w h i t e  c r y s t a l s  ( 5 .7 2  g ,  26%) 
m .p . 214° .
V max (cm“ ^) : 3130 (N-H), 1605 (C=0)
X max (nm ( lo g  e ) )  : 215 ( 4 . 3 5 ) ,  251 ( 4 . 1 0 ) ,  267 ( 3 . 9 1 ) ,
319 ( 3 .9 3 )
6  (ppm, DMSO) : 7 .3  -  7 .9  ( 8 H, com plex , a r o m a t i c s ) ,  7 .97  (IH , 
s ,  C^H), 8 .3 7  (IH , com plex , C ^ ) , 12 .05  (IH , 
b ro a d  s ,  NIî, removed be d e u t e r a t i o n )
/ e  : 221 (M+), 144 (M -Ph), 116 ( i n d o l e ) ,  105 (PhCO), 77 (Ph) 
M e ta s t a b l e s  M* a t  9 3 .8  (221 144) and 5 6 .5  (105 -*■ 77)
4 ,6 - D i h y d r o n a p h t h o [ 3 ,2 , l-c^,d^, ] i n d o l - 6 -o n e  (193)
3 - B e n z o y l in d o le  (192 , 2 .2 1 g ,  0 .0 1  m ol) and p a l l a d iu m  a c e t a t e  
(4 .4 8  g ,  0 .0 2  m ol) were h e a te d  u n d e r  r e f l u x  i n  g l a c i a l  a c e t i c  a c id
3
(500 cm ) f o r  20 h o u r s .  The s o l v e n t  was removed u n d e r  r e d u c e d  p r e s s u r e  
to  g iv e  a r e d  s o l i d  w hich  was ch ro m a to g ra p h ed  on s i l i c a  e l u t i n g  w i th  
d ic h lo r o m e th a n e .
E v a p o r a t io n  o f  t h e  i n i t i a l  f r a c t i o n s  u n d e r  r e d u c e d  p r e s s u r e  and 
r e c r y s t a l l i s a t i o n  from  e t h e r  gave 1 , 3 - d ib e n z o y l i n d o le  (194) as  f i n e  
y e l lo w  n e e d le s  ( 0 . 0 2  g ,  1 . 2 %).
V max (cm ^) : 1700 (NC=0), 1640 (C=0)
X max (nm ( lo g  c ) )  : 209 ( 4 . 6 4 ) ,  240 ( 4 . 5 8 ) ,  319 ( 4 .1 7 )
m
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6  (ppm, DMSO) : 7 .5  - 8 .1  (12H, com plex, a r o m a t i c s ) ,  7 .8 4  
(IH , s ,  C^H) ,  8 .3  - 8 .5  (2H, com plex,
C4H, C^H)
m/ e  : 325 (M^), 105 (PhCO)
Found : C, 8 1 .2 ;  H, 4 .6 5 ;  N, 4 . 4 .
C2 2 H1 5 NO2  r e q u i r e s  : C, 8 1 .2 ;  H, 4 . 6 ;  N, 4 .3% .
E v a p o r a t io n  o f  t h e  l a t e r  f r a c t i o n s  under r e d u c e d  p r e s s u r e  and 
r e c r y s t a l l i s a t i o n  from e th a n o l  gave t h e  t i t l e  compound (193) as  b r i g h t  
r e d  r o d s  ( 0 .7 4  g , 34%) m .p .  >250°.
V max (cm” ^) : 3150 (N -H ), 1660 (C=0)
X max (nm ( lo g  e ) )  : 209 ( 4 . 2 1 ) ,  223 ( 4 . 2 9 ) ,  229 ( 4 . 2 8 ) ,  237
( 4 . 2 3 ) ,  246 ( 4 . 1 9 ) ,  262 ( 4 . 5 3 ) ,  281 ( 4 . 6 2 ) ,
308 ( 3 . 9 9 ) ,  320 ( 3 .9 8 )
6  (ppm, DMSO) : 7 .1  -  7 .7  ( 8 H, com plex a r o m a t i c s  and NH) ,
7 .3 7  (IH , s ,  C^H)
6  (ppm, DMSO) : 113 .55  ( d ) , 1 1 4 .21  ( s ) ,  118 .97  ( d ) , 119 .35  ( d ) ,
122 .27  ( d ) ,  1 2 2 .49  ( s ) ,  1 2 2 .81  ( d ) , 122 .98  ( d ) ,
1 2 9 .58  ( d ) ,  1 3 1 .4 0  ( d ) ,  1 3 4 .6 8  ( s ) , 140 .47  ( s ) ,
141 .77  ( s ) ,  1 5 8 .57  ( s ) ,  184 .41  ( s ,  C=0).
™/e : 219 (M*), 190 (M-HCHO)
Found : C, 8 2 .1 ;  H, 4 .1 5 ;  N, 6 . 4 .
C1 5 H9 NO r e q u i r e s  : C, 8 2 .2 ;  H, 4 . 1 ;  N, 6.4%.
2 - ( 3 ,4 - D i m e t h o x y p h e n y l a c e t y l ) - 4 ,5 , 6 , 7 - t e t r a h y d r o i n d o l e
To d r i e d  magnesium t u r n i n g s  ( 6 .0 8  g , 0 .2 5  m ol)  and a c r y s t a l  o f
3 3i o d in e  i n  d ry  e t h e r  (50 cm ) was added  b rom oethane  ( 2 4 .6  g , 1 6 .9  cm ,
3
0 .2 3  m ol) i n  d r y  e t h e r  (100 cm ) fo l lo w e d  by a s o l u t i o n  o f  4 , 5 , 6 , 7 -
3
t e t r a h y d r o i n d o l e  (1 8 1 , 25 g , 0 .2 1  m ol) in  d r y  e t h e r  (150 cm ) .  The
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m ix tu r e  was s t i r r e d  a t  room te m p e r a tu r e  f o r  4 days  and th e n
3
h y d r o ly s e d  w i th  2N h y d r o c h l o r i c  a c i d  (1 dm ) and e x t r a c t e d  w i th
3
d ic h lo r o m e th a n e  (3 x 400 cm ) .  The combined o r g a n ic  p h a ses  were
3
washed w i th  w a te r  (250 cm ) and d r i e d  ove r  a nhyd rous  sodium s u l p h a t e .  
Removal o f  th e  s o l v e n t  unde r  r e d u c e d  p r e s s u r e  gave a p a l e  y e l lo w
3
o i l  w hich  was b o i l e d  w i th  p r o p a n - 2 - o l  (25 cm ) .  On c o o l i n g  th e  
s o l i d  was c o l l e c t e d  by f i l t r a t i o n  and r e c r y s t a l l i s e d  from  m eth an o l  
a s  c o l o u r l e s s  n e e d le s  (1 1 .5 7  g , 16.8%) m .p . 168°.
V max ( c m ' l )  : 3250 (N-H), 1620 (C=0)
\  max (nm ( lo g  e ) )  : 206 ( 4 . 1 3 ) ,  224 ( 3 . 8 8 ) ,  258 ( 3 . 4 4 ) ,
319 ( 4 .1 7 )
6  (ppm, DMSO) : 1 .7  -  2 .5  ( 8 H, com plex , 4 x CH^), 3 .7 0  ( 6 H,
s ,  2 X OCT^), 3 .8 3  (2H, s ,  6 .7  -  6 .9
(4H, com plex , a r o m a t i c s ) ,  1 1 .1 1  ( IH , b ro a d  s ,  
NH, removed by d e u t e r a t i o n )
™/e : 299 (M^), 151 (ArCH^), 148 (M-ArCHg)
2 - ( 3 , 4 - D im e th o x y p h e n y la c e ty 1 ) i n d o le  (155)
2 - ( 3 , 4 - D i m e t h o x y p h e n y l a c e t y l ) - 4 ,5 , 6 , 7 - t e t r a h y d r o i n d o l e  (3 g ,
0 .0 1  m ol)  and d i c h lo r o d ic y a n o b e n z o q u in o n e  ( 5 .5  g , 0 .0 2 4  m ol)  were
3
h e a t e d  under  r e f l u x  i n  d r y  t o lu e n e  (25 cm ) f o r  6  h o u r s .  The p r e ­
c i p i t a t e d  q u in o l  was removed by f i l t r a t i o n  and washed w i th  c h lo r o f o rm .  
Removal o f  th e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave a t a r r y  s o l i d  which 
was c h ro m a to g ra p h ed  on s i l i c a  e l u t i n g  w i th  30% e t h y l  a c e t a t e  in  
p e t ro le u m  e t h e r .  Removal o f  t h e  s o l v e n t  from th e  e l u a t e  unde r  r e d u c e d  
p r e s s u r e  fo l lo w e d  by r e c r y s t a l l i s a t i o n  from a b s o l u t e  e t h a n o l  gave th e  
p ro d u c t  (155 )  as  p a le  o ran g e  n e e d le s  (0 .8 2  g , 28%) m .p .  176° .
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V max (cm : 3340 (N-H), 1650 (C=0)
X max (nm ( lo g  e ) )  : 205 ( 4 . 5 7 ) ,  229 ( 4 . 3 0 ) ,  314 ( 4 .2 8 )
5 (ppm, DMSO) : 3 .6 8  (3H, s ,  O Œ ^ ) ,  3 .7 0  (3H, s ,  OCH^),
4 .1 5  (2H, s ,  CH^), 6 . 8  -  7 .7  (7H, com plex,
a r o m a t i c s ) ,  11 .51  (IH , b ro ad  s ,  NH, removed 
by d e u t e r a t i o n )
™/e : 295 (m"^), 151 (ArCH ) ,  144 (M-ArCH ) ,  116 ( i n d o l e )
P a l la d iu m  a c e t a t e  o x i d a t i o n  o f  2 - ( 3 ,4 ~ d im e th o x y p h e n y la c e ty l ) in d o le  (155) 
The in d o le  (155 , 0 .1 5  g , 0 . 5  mmol) and p a l l a d iu m  a c e t a t e  (0 .2 2  g,
3
1  mmol) were h e a t e d  under  r e f l u x  in  g l a c i a l  a c e t i c  a c id  ( 2 0  cm ) f o r  
17 h o u r s .  Removal o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave an  i n ­
t r a c t a b l e  b l a c k  t a r .
T h a l l iu m  t r i f l u o r o a c e t a t e  o x i d a t i o n  o f  3 - (3 ,4 - d im e th o x y p h e n y lp r o p a n o y l ) -  
i n d o le  (74 )
( a )  The in d o le  (74 , 0 .6 2  g , 2 mmol) and t h a l l i u m  t r i f l u o r o a c e t a t e  
( 1 .1 9  g, 2 .2  mmol) were s t i r r e d  under  n i t r o g e n  a t  room te m p e r a tu r e  i n
3
d r y  d ic h lo ro m e th a n e  (200 cm ) f o r  20 h o u r s .  T h in  l a y e r  c h ro m a to g rap h y  
( s i l i c a / e t h e r )  showed t h a t  no r e a c t i o n  had  o c c u r r e d .
(b )  T h a l l iu m  t r i f l u o r o a c e t a t e  ( 1 .0 2  g , 1 .9  mmol) was su spended  
i n  d r y  d ic h lo ro m e th a n e  (100 cm?) a t  -7 8 °  under  n i t r o g e n  in  t h e  a b sen c e  
o f  l i g h t .  The in d o le  (7 4 ,  0 .5 3  g , 1 .7  mmol) was added and th e  m ix tu re  
s t i r r e d  a t  - 7 8 °  f o r  1 h o u r  and t h e n  a t  room te m p e r a tu r e  f o r  20 h o u r s .  
T h in  l a y e r  ch ro m a to g rap h y  showed t h a t  no r e a c t i o n  h a d  o c c u r r e d .
( c )  The in d o le  (7 4 ,  0 .6 2  g ,  2 mmol) and t h a l l i u m  t r i f l u o r o a c e t a t e  
( 1 .1 9  g , 2 .2  mmol) were s t i r r e d  a t  room t e m p e r a tu r e  in  t r i f l u o r o a c e t i c  
a c id  (200 cm ) under n i t r o g e n  i n  t h e  a b s e n c e  o f  l i g h t  f o r  3 d a y s .  The
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s o l v e n t  was removed under  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  d i s s o l v e d  
in  c h lo r o f o rm  and th e n  f i l t e r e d  th ro u g h  s i l i c a  t o  remove t h a l l i u m  
c o n t a i n i n g  com ponents . E v a p o r a t io n  o f  t h e  f i l t r a t e  unde r  r e d u c e d  
p r e s s u r e  gave a  d a r k  r e d  i n t r a c t a b l e  t a r .
Anodic o x i d a t i o n  o f  l - m e t h y l - 3 - ( 3 , 4 - d im e th o x y p h e n y lp r o p a n o y l ) in d o le  (186) 
The i n d o le  (186 , 1 g) was d i s s o l v e d  i n  0 . 1  M sodium  p e r c h l o r a t e
3
i n  d r y  a c e t o n i t r i l e  ( 2 0 0  cm ) and e l e c t r o l y s e d  a t  a  p o t e n t i a l  o f  
+ 0 . 9  - 1 .2  v o l t s  u n t i l  t h e  c u r r e n t  d ropped  t o  be low  10 mA. The
s o l v e n t  was e v a p o r a te d  under  r e d u c e d  p r e s s u r e  and th e  r e s i d u e  t r e a t e d
3 3w i th  w a te r  (300 cm ) and e x t r a c t e d  w i th  d ic h lo r o m e th a n e  (3 x 100 cm ) .
3
The combined o r g a n ic  p h a s e s  w ere  washed w i th  w a te r  (100 cm ) and d r i e d  
o v e r  anh y d ro u s  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  under  r e d u c e d  
p r e s s u r e  gave a r e d  s o l i d  w hich  was ch ro m a to g ra p h ed  on s i l i c a  e l u t i n g  
w i th  e t h e r .  The r e d  c o lo u r  d i s a p p e a r e d  and th e  o n ly  component i s o l a t e d  
was t h e  s t a r t i n g  m a t e r i a l  ( 0 . 6  g , 60%).
3 , 4 -D im e th o x y b e n z y la m in o a c e ta ld e h y d e  d i m e t h y l a c e t a l  (201)
3 , 4 -D im e th o x y b en za ld eh y d e  (1 5 0 , 3 3 .2  g , 0 . 2  m ol)  was d i s s o l v e d
3
i n  e t h a n o l  (200 cm ) a t  room t e m p e r a t u r e .  A m in o ac e ta ld e h y d e  d im e th y l -
3
a c e t a l  (8 1 ,  2 1  g ,  2 1 . 8  cm , 0 . 2  m ol)  was added and th e  m ix tu r e  s t i r r e d  
f o r  1 h o u r .  The S c h i f f  b a s e  (2 0 0 )  was r e d u c e d  by th e  p o r t i o n w i s e  
a d d i t i o n  o f  sodium  b o r o h y d r id e  (16 g ) .  The m ix t u r e  was t h e n  s t i r r e d  
f o r  3 days  a t  room t e m p e r a t u r e . The s o l v e n t  was removed under r e d u c e d
3
p r e s s u r e  and t h e  r e s i d u e  was t r e a t e d  w i th  w a te r  (400 cm ) and e x t r a c t e d
3
w i th  d ic h lo r o m e th a n e  (3 x 100 cm ) .  The combined o r g a n ic  p h a s e s  were
3
washed w i th  w a te r  ( 1 0 0  cm ) and d r i e d  o v e r  a n h y d ro u s  sodium  s u l p h a t e .  
Removal o f  th e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave an o i l  w hich was
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vacuum d i s t i l l e d .  A f t e r  f o r e r u n n in g  a m in o a c e t a l  (81 )  t h e  p r o d u c t  
d i s t i l l e d  a s  a  c o l o u r l e s s  o i l  ( 3 8 .7  g , 76%) b . p .  143° a t  5 mm Hg.
V max (cm ^) : 3310 (N-H)
X max (nm ( lo g  e ) )  : 213 ( 3 . 8 6 ) ,  234 ( 3 . 8 4 ) ,  283 ( 3 .4 0 )
6  (ppm, CDClg) : 1 .9 5  (IH , b r o a d , s ,  NH, removed by d e u t e r a t i o n )
2 .7 0  (2H, d ,  CH^CH, J  = 6 Hg_), 3 .3 2  ( 6 H, s ,
2 X OCH3 , a c e t a l ) ,  3 .7 0  (2H, s ,  3 82
( 6 H, s ,  2 X OCH^), 4 .5 0  ( IH , t ,  CH, J  = 6 H ^ ,
6 .8 0  ( 3H, com plex , a r o m a t i c s )
7e : 255 (M^), 223 (M-CH^OH), 180 (M-CH( 0 0 1 2 ) 2 ^* 151 (ArCH^)
m
4 - H y d r o x y -6 ,7 - d im e th o x y - 1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  (202)
( a )  3 , 4 -D im e th o x y b e n z y la m in o a c e ta ld e h y d e  d i m e t h y l a c e t a l  (201 ,
3
25 g , 0 . 1  m ol)  was d i s s o l v e d  i n  6 N e t h a n o l i c  h y d r o c h l o r i c  a c id  (500 cm ) 
and s t i r r e d  f o r  20 h o u r s  a t  room t e m p e r a t u r e .  The m ix tu re  was b a s e f i e d
w i th  30% sodium h y d r o x id e  s o l u t i o n  and e x t r a c t e d  w i th  c h lo r o f o rm  (3 x
3 3200 cm ) .  The combined o r g a n ic  p h a s e s  w ere  w ashed  w i th  w a te r  (100 cm )
and d r i e d  o v e r  a nhyd rous  sodium  s u l p h a t e .  Removal o f  t h e  s o l v e n t  under
r e d u c e d  p r e s s u r e  gave an  i n t r a c t a b l e  o ra n g e  gum.
(b )  The a c e t a l  (2 0 1 , 25 g , 0 . 1  m ol) was d i s s o l v e d  i n  6 N h y d r o -
3
c h l o r i c  a c i d  (500 cm ) w i th  c o o l i n g  on i c e ,  and t h e n  s t i r r e d  f o r  20 h o u r s
a t  room t e m p e r a t u r e .  The m ix tu r e  was b a s e f i e d  by th e  a d d i t i o n  o f  20%
sodium h y d r o x id e  s o l u t i o n ,  w i th  c o o l i n g ,  a t  such  a r a t e  t h a t  th e
t e m p e r a tu r e  d id  n o t  ex ceed  2 0 ° .  The s o l u t i o n  was e x t r a c t e d  w i th
3
c h lo r o f o rm  (3 x 200 cm ) and th e  combined o r g a n i c  p h a s e s  washed w i th  
3
w a te r  (100 cm ) and d r i e d  o v e r  an h y d ro u s  sodium  s u l p h a t e .  P a r t i a l  
r em ova l  o f  th e  s o l v e n t  unde r  r e d u c e d  p r e s s u r e  a t  25°  gave a w h i te  
s o l i d  w hich was c o l l e c t e d  by f i l t r a t i o n  ( 0 .7 8  g ,  3.7%) m .p . 192° .
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V max (cm : 3320 (N-H)
X max (nm ( lo g  e ) )  : 209 ( 4 . 4 8 ) ,  235 ( 3 . 9 6 ) ,  286 ( 3 . 6 2 ) ,
291 ( 3 .5 7 )
6  (ppm, CDgOD) : 3 .4 2  (2H, d , CH^CH, J  = 7H^,), 3 .8 0  ( 6 H, s ,
2 X OCH^), 4 .2 4  (2H, s ,  CH^), 4 .8 0  (IH , t ,
CH, J  = 7H ^) , 6 .8 0  (IH , s ,  a r o m a t i c ) ,  7 .0 2  
(IH , s ,  a r o m a t i c )
”*/e : 209 (M^), 151 (ArCH^)
N -4 -M e th y lp h e n y l-N -3 ,4 -d im e th o x y b e n z y la m in o a c e ta ld e h y d e  d i m e t h y l a c e t a l  (205)
f\
3 ,4 -D im e th o x y b e n z y la m in o a c e ta ld e h y d e  d i m e t h y l a c e t a l  (201 , 5 .1  g,
3
0 .0 2  m ol)  was d i s s o l v e d  i n  d r y  p y r i d i n e  (15 cm ) and t o  i t  was added 
a s o l u t i o n  o f  t o l u e n e - 4 - s u l p h o n y l  c h l o r i d e  ( 4 .2  g , 0 .0 2 2  m ol) i n  d ry
3
p y r i d i n e  (15 cm ) .  The m ix tu r e  was s t i r r e d  a t  room te m p e r a tu r e  f o r
3
3 days and th e n  added t o  w a te r  (100 cm ) and e x t r a c t e d  w i th  e t h e r  (3 x
3
50 cm ) .  The combined o r g a n ic  p h a s e s  were washed w i th  0.5N  h y d r o c h l o r i c
3 3a c id  (2 X 50 cm ) and w a te r  (2 x 50 cm ) and th e n  d r i e d  o v e r  anhyd rous
sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave a
brown o i l  ( 8 .1  g , 98%).
V max (cm ^)  : 1140 ( s= 0 )
5 (ppm, CDClg) : 2 .4 0  (3H, s ,  CH^), 3 .1 8  (2H, d ,  CH^CH, J  =
6 Hg_), 3 .2 3  ( 6 H, s ,  2 x  OCH^, a c e t a l ) ,  3 .7 1  (3H, 
s ,  OCH^), 381 (3H, s ,  OCH^), 4 .3 3  ( IH , t ,  CH,
J  = 6 H p ,  4 .3 7  (2H, s ,  CH^), 6 .7 0  (3H, com plex ,
a r o m a t i c s ) ,  7 .3 0  (2H, d ,  a r o m a t i c s ,  t o s y l ,
J  = lOHgJ), 7 .7 3  (2H, d ,  a r o m a t i c s ,  t o s y l ,  =
™/e : 409 (M^), 254 (M -T s) ,  151 (ArCH^)
185
6 , 7 - D im e th o x y is o q u in o l in e  (204)
( a )  N -4“M e th y lp h e n y l-N “ 3 , 4 ”d im e th o x y b e n z y la m in o a c e ta ld e h y d e  
d i m e t h y l a c e t a l  (2 0 5 , 2 g , 5 mmol) was d i s s o l v e d  i n  1 ,4 - d io x a n
3
(48 cm ) i n  t h e  a b se n c e  o f  l i g h t  under  n i t r o g e n .  6 N H y d r o c h lo r i c
3
a c i d  (4  cm ) was added and t h e  m ix tu r e  h e a t e d  under  r e f l u x  f o r  2 0
3
h o u r s .  The m ix tu re  was pou red  i n t o  w a te r  (100 cm ) and washed w i th
3
e t h e r  (3 x  50 cm ) .  The aqueous  p h ase  was b a s e f i e d  w i th  2N ammonium
3 3h y d r o x id e  s o l u t i o n  (20 cm ) and e x t r a c t e d  w i th  c h lo ro fo rm  (3 x 50 cm ) .
3
The combined o r g a n ic  p h a s e s  w ere washed w i th  w a te r  (50 cm ) and d r i e d
o v e r  a nhyd rous  sodium  s u l p h a t e .  Removal o f  t h e  s o l v e n t  under  r e d u c e d
p r e s s u r e  gave a brown o i l  ( 0 .8 2  g , 8 6 %).
V max (cm ^) : 1620 (C=N)
5 (ppm, CDCI3 ) : 4 .0 2  ( 6 H, s ,  2 x OCH^), 7 .0 9  (IH , s ,  CgH) ,
7 .2 2  (IH , s ,  C^H), 7 .9 4  (IH , d ,  C^H, J  = 5Hg_),
8 .4 3  ( IH , d ,  CgH, J  = 5 H ^ ,  9 .0 7  (IH , s ,  C,H)
™/e : 189 ( h t ) ,  174 (M-CHg)
The e t h e r e a l  w a sh in g s  from  t h i s  r e a c t i o n  were d r i e d  ove r  anhydrous  
sodium  s u l p h a t e .  Removal o f  th e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave a 
brown o i l  w hich was s u b j e c t e d  t o  column c h ro m a to g ra p h y  on s i l i c a  e l u t i n g  
w i th  d i c h lo r o m e th a n e .  E v a p o r a t io n  o f  t h e  e l u a t e  under  r e d u c e d  p r e s s u r e  
gave a s o l i d  w hich was r e c r y s t a l l i s e d  from  p e t r o le u m  e t h e r  a s  c o l o u r l e s s  
c u b es  (208) m .p . 7 4 ° .
V max (cm ^) : 1135 (S=0)
X max (nm ( lo g  e ) ) : 209 ( 4 . 3 3 ) ,  239 ( 4 .2 4 )
6  (ppm, CDClg) : 2 .3 6  (3H, s ,  CHg), 2 .4 0  (3H, s ,  CHg), 7 .0  - 7 .4
( 6 H, com plex a r o m a t i c s ) ,  7 .4 8  (2H, d ,  a r o m a t i c s ,
J  = 8 H p
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”^/e : 278 (M t) ,  155 (ArSO^), 139 (ArSO), 123 (A rS ) ,  91 ( A r ) .
(b )  3 ,4 - D im e th o x y b e n z y la m in o a c e ta ld e h y d e  d i m e t h y l a c e t a l  (2 0 1 ,
3
1 6 .75  g , 0 .0 6 6  m ol) was added  d ro p w ise  t o  c h l o r o s u l p h o n i c  a c id  (45 cm ) 
a t  - 1 5 °  and s t i r r e d  f o r  3 days  a t  room t e m p e r a t u r e .  The m ix tu re  was
3
added c a u t i o u s l y  t o  i c e  (200 g )  and washed w i t h  e t h e r  (2 x 50 cm ) .
The aqueous  phase  was b a s e f i e d  w i th  sodium  c a r b o n a te  and e x t r a c t e d
3
w i th  e t h y l  a c e t a t e  (3 x  100 cm ) .  The com bined  o r g a n i c  p h a se s  were
3
washed w i th  w a te r  ( 1 0 0  cm ) and d r i e d  o v e r  a n h y d ro u s  sodium  s u l p h a t e .  
Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a brown o i l  ( 5 .9 6  g, 
48%).
2 - M e th y l - 6 , 7 - d im e th o x y i s o q u in o l in iu m  i o d id e  (199 )
6 , 7 -D im e th o x y is o q u in o l in e  (2 0 4 , 0 .5 7  g ,  3 mmol) was d i s s o l v e d  in
3 3a c e to n e  (20 cm ) and t r e a t e d  w i th  iodom ethane  ( 8  cm ) .  The s o l i d  was
c o l l e c t e d  by f i l t r a t i o n  and r e c r y s t a l l i s e d  from  e t h a n o l  a s  p a le  g re e n
n e e d le s  ( 0 .7 1  g , 72%) m .p . 2 2 5 ° .
V max (cm ̂ ) : 1610 (C=N)
X max (nm ( lo g  e ) )  : 204 ( 4 . 2 0 ) ,  223 ( 4 . 4 0 ) ,  257 ( 4 . 6 5 ) ,  320
( 3 .9 2 )
6  (ppm, DMSO) : 4 .0 1  (3H, s ,  OCHg), 4 .0 7  (3H, s ,  OCHg), 4 .4 1
(3H, s ,  NCHg), 7 .7 9  (2H, s ,  C^H, CgH), 8 .3 1
(IH , d ,  C^H, J  = 7Hg_), 8 .5 5  (IH , d ,  CgH, J  =
m
7Hg_), 9 .5 7  (IH , s ,  C,H)
/ e  : 203 (M-HI), 189 (M-CHgl), 142 (C H gl) ,  127 ( l ) .
2 - M e t h y l - 4 - ( 3 , 4 - d im e th o x y p h e n y la c e ty l ) - 6 , 7 - d i m e t h o x y - l , 2 - d i h y d r o i s o ­
q u i n o l i n e  (197)
2 -M ethy1 - 6 , 7 - d im e th o x y i s o q u in o l in iu m  i o d i d e  (199 , 3 .3 1  g, 0 .0 1  mol) 
was t h o r o u g h ly  d r i e d  a t  90° in  v acu o  and t h e n  added  p o r t i o n w i s e  t o  a
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3
s l u r r y  o f  l i t h i u m  a lum in ium  h y d r id e  ( 1 .2  g) in  d r y  e t h e r  (150 cm ) 
unde r  n i t r o g e n  and s t i r r e d  f o r  2 h o u r s .  E xcess  r e d u c t a n t  was 
decomposed by t h e  c a u t i o u s  a d d i t i o n  o f  30% p o ta s s iu m  sodium t a r t r a t e  
s o l u t i o n .  The m ix t u r e  was f i l t e r e d  r a p i d l y  and d r i e d  o v e r  anhyd rous  
sodium  s u l p h a t e  u n d e r  n i t r o g e n .  To th e  s t i r r e d  s o l u t i o n  under 
n i t r o g e n  was added  d ro p w ise  a s o l u t i o n  o f  N ,N ' - d i c y c lo h e x y l c a r b o -
3
d i im id e  ( 2 .0 6  g ,  0 . 0 1  m ol)  i n  d r y  d i c h lo r o m e th a n e  ( 2 0  cm ) fo l lo w e d  
by a s o l u t i o n  o f  3 ,4 - d im e th o x y p h e n y la c e t i c  a c i d  (7 0 ,  2 .9 5  g , 0 .0 1 5  m ol) 
i n  d r y  d i c h lo r o m e th a n e  (20 cm ) .  The m ix tu r e  was s t i r r e d  under  
n i t r o g e n  a t  room t e m p e r a t u r e  f o r  20 h o u r s .  The p r e c i p i t a t e  was
3
c o l l e c t e d  by f i l t r a t i o n  and t h e n  added  t o  d ic h lo ro m e th a n e  (50 cm ) .
The i n s o l u b l e  N ,N ' - d i c y c l o h e x y l u r e a  ( 1 .6  g , 71%) was removed by
f i l t r a t i o n .  The f i l t r a t e  was washed w i th  s a t u r a t e d  sodium  b i c a r b o n a t e
3 3s o l u t i o n  (3 X 25 cm ) and w a te r  (25 cm ) and d r i e d  o v e r  a n hyd rous
sodium  s u l p h a t e .  Removal o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave
a s o l i d  w hich was r e c r y s t a l l i s e d  from  m e th a n o l  a s  p a l e  g re e n  n e e d le s
( 0 .9 9  g, 26%) m .p .  1 6 8 ° .
V max (cm ^) : 1590 (C=0)
X max (nm ( l o g  e ) )  : 207 ( 4 . 5 3 ) ,  229 ( 4 . 3 4 ) ,  291 ( 4 . 1 6 ) ,  359 ( 3 .8 7 )
5 (ppm, CDClg) : 3 .0 8  (3H, s ,  NCHg), 3 .8 0  (2H, s ,  CH^CO), 3 .8 6
(3H, s ,  OCHg), 3 .8 9  ( 6 H, s ,  2 x  OCHg), 3 .9 2
(3H, s ,  OCHg), 4 .4 9  (2H, s ,  CH^N), 6 .4 4  (IH , s ,
CgH), 6 .8 5  (3H, com plex , a r o m a t i c s ) ,  7 .4 7  (IH , 
s ,  CgH), 8 .5 2  (IH , s ,  CgH)
(ppm, DMSO) : 4 2 .5 3  ( q ,  NCHg), 4 3 .3 4  ( t ) ,  5 1 .2 5  ( t ) ,  5 5 .3 7  (q ,
2 X OCHg), 5 5 .53  (q ,  2 x OCHg), 104 .45  ( S ) ,
1 0 8 .89  ( d ) ,  109 .32  ( d ) ,  1 1 .9 8  ( S ) ,  1 1 3 .39  ( S ) ,  
117 .99  ( d ) ,  121 .02  ( d ) ,  123 .63  ( d ) ,  13 0 .5 6  ( S ) ,
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146 .49  ( S ) ,  147 .30  ( S ) ,  148 .55  ( S ) ,  151 .80  ( d ) ,  
191 .18  (S , C=0)
™/e : 383 (M^), 368 (M-CHg), 246 (M -Ar), 232 (M-ArCH^), 151 (ArCH^) 
Found : C, 6 9 .0 5 ;  H, 6 .5 5 ;  N, 3 .5 5 .
C2 2 H2 5 NO5  r e q u i r e s  : C, 6 8 .9 ;  H, 6 .5 ;  N, 3.65%.
Anodic  o x i d a t i o n  o f  2 -met h y 1 - 4 - ( 3 , 4 - d imet h o x y p h e n y l a c e t y l ) - 6 , 7 - d im e th o x y -  
1 , 2 - d i h y d r o i s o q u i n o l i n e  (197)
( a )  The s u b s t r a t e  (197 , 0 . 5  g )  was d i s s o l v e d  in  0 . 1  M sodium
3
p e r c h l o r a t e  i n  d r y  a c e t o n i t r i l e  ( 1 0 0  cm ) and e l e c t r o l y s e d  a t  a
p o t e n t i a l  o f  + 1 .2  v o l t s  u n t i l  t h e  c u r r e n t  d ropped  t o  10 mA. The
a n o l y t e  was p a r t i a l l y  e v a p o r a te d  unde r  r e d u c e d  p r e s s u r e  and th e
3
r e s i d u e  t r e a t e d  w i th  w a te r  (300 cm ) and e x t r a c t e d  w i th  d ic h lo r o m e th a n e  
3
(3 X 100 cm ) .  The combined o r g a n ic  p h a s e s  were washed w i th  w a te r  
3
(100 cm ) and d r i e d  o v e r  anh y d ro u s  sodium  s u l p h a t e .  Removal o f  t h e  
s o l v e n t  under  r e d u c e d  p r e s s u r e  gave a b l a c k  t a r .
(b )  The s u b s t r a t e  (197 , 0 . 5  g )  was e l e c t r o l y s e d  a s  d e s c r i b e d  
above , b u t  a t  a  p o t e n t i a l  o f  + 0 . 8  v o l t s .  W ork-up a g a in  gave an  
i n t r a c t a b l e  b l a c k  t a r .
A t tem p te d  p r e p a r a t i o n  o f  2 - m e t h y l - 4 - ( 3 ,4 - d i m e t h o x y p h e n y lp r o p a n o y l ) - 6 ,7 -  
d i m e t h o x y - 1 ,2 - d i h y d r o i s o q u i n o l i n e  (198)
( a )  2 - M e th y l - 6 , 7 - d im e th o x y i s o q u in o l in iu m  i o d id e  (1 9 9 , 3 .3  g ,
0 .0 1  m ol)  was th o r o u g h ly  d r i e d  a t  90° vacuo  and th e n  added  t o  a
3
s l u r r y  o f  l i t h i u m  a lum in ium  h y d r id e  ( 1 .2  g) i n  d r y  e t h e r  (150 cm ) under  
n i t r o g e n  and s t i r r e d  f o r  2 h o u r s .  E x c e ss  r e d u c t a n t  was decomposed by 
th e  c a u t i o u s  a d d i t i o n  o f  30% p o ta s s iu m  sodium  t a r t r a t e  s o l u t i o n .  The 
m ix tu re  was f i l t e r e d  r a p i d l y  and d r i e d  ove r  a nhyd rous  sodium  s u l p h a t e  
un d e r  n i t r o g e n .  Then was added a s o l u t i o n  o f  N ,N ' - d i c y c l o h e x y l c a r b o -
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3
d i i m i d e  ( 2 . 0 6  g,  0 . 0 1  mol)  i n  d r y  d i c h l o r o m e t h a n e  ( 2 0  cm ) f o l l o w e d  
by a s o l u t i o n  o f  3 , 4 - dimet h o x y p h e n y I p r o p a n o i c  a c i d  (153 ,  3 . 1 4  g,
0 .0 1 5  m ol)  i n  d r y  d i c h l o r o m e t h a n e  (20 cm ) .  The m i x t u r e  was s t i r r e d  
u nde r  n i t r o g e n  a t  room t e m p e r a t u r e  f o r  20 h o u r s .  The p r e c i p i t a t e d  
N , N ' - d i c y c l o h e x y l u r e a  was removed by f i l t r a t i o n  and washed w i t h
c h l o r o f o r m .  The f i l t r a t e  was washed w i t h  s a t u r a t e d  sodium b i c a r b o n a t e
3 3s o l u t i o n  (3 X 75 cm ) and w a t e r  (75 cm ) and d r i e d  ove r  anhydrous
sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave
a n  o i l  wh ich c r y s t a l l i s e d  on s t a n d i n g .  The s o l i d  was c o l l e c t e d  by
f i l t r a t i o n  and t h e n  r e c r y s t a l l i s e d  from a b s o l u t e  e t h a n o l  t o  g iv e
N ,N ' - d i c y c l o h e x y l - N - 3 , 4 - d i m e t h o x y p h e n y l p r o p a n o y l u r e a  (211)  as  p a l e
g r e e n  c r y s t a l s  ( 0 . 9 2  g,  22%) m .p .  141° .
V max ( c m ' l )  : 3270 (N-H),  1695 (C=0),  1650 (C=0)
X max (nm ( l o g  e ) )  : 207 ( 4 . 4 3 ) ,  225 ( 4 . 0 5 ) ,  282 ( 3 . 6 6 )
6  (ppm, CDClg) : 1 . 0  - 2 . 0  (22H, complex,  2 x  ) ,  2 . 6  -  3 .0
(4H, 2 X t ,  CH2 CH2 , J  = 7Hg^, 3 . 7  ( IH,  b r o a d ,
NH), 3 . 8 6  ( 6 H, s ,  2 x OCHg), 6 . 7  -  6 . 8  (3H,
complex ,  a r o m a t i c s )
™/e : 416 (Mt) ,  334 (M-C^H^^), 291 (M-C^H^^NCO), 151 (ArCH^)
M e t a s t a b l e s  M̂  a t  2 6 8 .2  (416 -> 334)  and 2 0 3 . 6  (416 -> 291)
( b )  The 1 , 2 - d i h y d r o i s o q u i n o l i n e  (209)  was p r e p a r e d  a s  d e s c r i b e d
a bove .  The s o l u t i o n  was s t i r r e d  under  n i t r o g e n  and t o  i t  was added a
m i x t u r e  o f  3 , 4 -d im e th o x y p h e n i^ lp ro p a n o ic  a c i d  (153 ,  2 . 1 0  g,  0 . 0 1  mol)
and 1 - h y d r o x y b e n z o t r i a z o l e  h y d r a t e  ( 1 . 5 3  g,  0 . 0 1  mol)  i n  d r y  d i o x a n
3
(40 cm ) .  A s o l u t i o n  o f  N , N ' - d i c y c l o h e x y l c a r b o d i i m i d e  ( 2 . 0 6  g,  0 . 0 1  mol)
3i n  d r y  d i c h l o r o m e t h a n e  ( 2 0  cm ) was t h e n  added d r o p w ise  and t h e  m i x t u r e  
s t i r r e d  a t  room t e m p e r a t u r e  f o r  20 h o u r s .  The p r e c i p i t a t e d  N ,N ’ - d i c y c l o ­
h e x y l u r e a  was removed by f i l t r a t i o n  and washed w i t h  c h l o r o f o r m .  The
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f i l t r a t e  was washed w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n  (3 x
3 3 .50 cm ) and w a t e r  (2 x  50 cm ) and d r i e d  o v e r  anhyd rous  sodium
s u l p h a t e .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a brown
gum which was t r i t u r a t e d  w i t h  e t h a n o l ,  b u t  no c r y s t a l l i s a t i o n  o c c u r r e d .
3The gum was d i s s o l v e d  i n  d i c h l o r o m e t h a n e  (200 cm ) and e x t r a c t e d  w i t h  
2N h y d r o c h l o r i c  a c i d  (3 x 50 c m ? ) .
The o r g a n i c  p h a s e  was d r i e d  o v e r  anhyd rous  sodium s u l p h a t e  and 
e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  l e a v e  a brown o i l .  The o i l  was 
p u r i f i e d  by column c h rom a tog ra phy  on s i l i c a  e l u t i n g  w i t h  e t h e r .  
E v a p o r a t i o n  o f  t h e  e l u a t e  u n d e r  r e d u c e d  p r e s s u r e  gave e t h y l  3 , 4 - d i m e t h -  
o x y p h e n y lp r o p a n o a t e  (216)  a s  a  c o l o u r l e s s  o i l .
V max (cm ^) : 1730 (C=0)
6  (ppm, CDClg) : 1 .2 0  (3H, t ,  CH^CHg, J  = 7 H ^ ,  2 . 6 0  (2H, t ,
, J  = 6 H p ,  2 .84  (2H, t ,  CH^CHg, J  = 6 H g ) ,
3 .84  ( 6 H, s ,  2 X OCHg), 4 . 0 8  (2H, q ,  CH^CHg,
J  = 7Hg%, 6 . 7  -  6 . 8  (3H, complex ,  a r o m a t i c s )
™/e : 238 (m'Î”) ,  164 (ArCHCH^), 151 (ArCHg)
The a c i d i c  p h a s e s  were  b a s e f i e d  w i t h  2N ammonium h y d r o x i d e  s o l u t i o n
3 . . 3(250 cm ) and e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (3 x 100 cm ) .  The com-
3b i n e d  o r g a n i c  p h a s e s  were washed w i t h  w a t e r  ( 1 0 0  cm ) and d r i e d  o v e r  
anhyd rous  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  
gave a  brown o i l  which c o n s i s t e d  o f  2 - m e t h y l - 6 , 7 - d i m e t h o x y - l , 2 , 3 , 4 -  
t e t r a h y d r o i s o q u i n o l i n e  ( 2 1 0 ) and i n t r a c t a b l e  p o l y m e r i c  m a t e r i a l .
™/e : 207 /206
(c)  The 1 , 2 - d i h y d r o i s o q u i n o l i n e  (209 ,  0 . 0 1  mol) was p r e p a r e d  as
above and t h e  s o l u t i o n  s t i r r e d  a t  0 °  u n d e r  n i t r o g e n  w i t h  t r i e t h y l a m i n e  
3( 1 .5 1  g ,  2 .1  cm , 0 .0 1 5  m o l ) .  A s o l u t i o n  o f  3 , 4 - d im e th o x y p h e n y 1-
3p r o p a n o y l  c h l o r i d e  (149 ,  3 . 4  g ,  0 . 0 1 5  mol)  i n  e t h e r  (50 cm ) was added
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d r o p w ise  and t h e  m i x t u r e  s t i r r e d  f o r  3 h o u r s  a t  0 °  and t h e n  f o r  
20 h o u r s  a t  room t e m p e r a t u r e .  The p r e c i p i t a t e d  t r i e t h y l a m i n e  h y d r o ­
c h l o r i d e  was removed by f i l t r a t i o n  and t h e  f i l t r a t e  washed w i t h  
w a t e r  (3 x 50 cm ) and d r i e d  o v e r  an h y d ro u s  sodium s u l p h a t e .  Removal 
o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave an i n t r a c t a b l e  brown gum.
4 - ( 3 , 4 - D i m e t h o x y b e n z y l ) - 6 , 7 - d im e th o x y - 2 - m e th y l  i s o q u i n o l i n i u m  i o d i d e  (219)
3 , 4 - D i m e t h o x y b e n z y l a m i n o a c e t a l d e h y d e  d i m e t h y l a c e t a l  (201 ,
12 .75 g ,  0 . 0 5  mol) was d i s s o l v e d  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d
3
(125 cm ) and t h e n  c o o le d  t o  room t e m p e r a t u r e .  A s o l u t i o n  o f
33 , 4 - d im e th o x y b e n z a ld e h y d e  (150 ,  16 .6  g ,  0 . 1  mol)  i n  e t h a n o l  (125 cm )
was added and t h e  m i x t u r e  h e a t e d  u n d e r  r e f l u x  f o r  0 . 5  h o u r s  and t h e n
3c o o le d  and d i l u t e d  w i t h  w a t e r  (250 cm ) .  Excess  a ld e h y d e  was removed
3by w ash ing  w i t h  e t h e r  (3 x  100 cm ) .  The s o l u t i o n  was b a s e f i e d  w i t h
c o n c e n t r a t e d  ammonia and t h e n  b o i l e d  f o r  0 . 5  h o u r s .  The c o o le d  m i x t u r e
was e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (3 x 200 c m ^) . The combined o r g a n i c
p h a s e s  were washed w i t h  w a t e r  ( 2 0 0  cm^) and d r i e d  o v e r  anhyd rous  sodium
s u l p h a t e .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a  brown
3o i l  wh ich  was d i s s o l v e d  i n  a c e t o n e  (60 cm ) and t r e a t e d  w i t h  iodomethane
3
(30 cm ) .  The s o l i d  was c o l l e c t e d  by f i l t r a t i o n  and r e c r y s t a l l i s e d  from 
m eth a n o l  a s  y e l l o w  n e e d l e s  ( 7 . 5 3  g ,  31%) m.p .  231° .
V max (cm ^) : 1635 (C=N)
X (nm ( l o g  e ) )  ; 210 ( 4 . 5 6 ) ,  259 ( 4 . 5 4 ) ,  290 ( 3 . 1 5 ) ,  322 (3 .6 3 )
6  (ppm, DMSO) : 3 .6 8  (3H, s ,  OCHg), 3 .7 2  (3H, s ,  OCHg), 3 .96
(3H, s ,  OCHg), 4 .0 1  (3H, s ,  OCHg), 4 . 3 9  (3H, s ,
NCHg), 4 .4 5  (2H, s ,  CHg), 6 . 8  -  7 .1  (3H, complex 
a r o m a t i c s ) ,  7 .6 1  (IH,  s ,  CgH), 7 .77  (IH,  s ,  CgH), 
8 .4 9  (IH,  s ,  CgH), 9 .4 8  (IH,  s ,  C,H)
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™/e : 339 (M-CHgl) , 151 (ArCH^), 142 (CHgl) ,  127 ( I )
2-Me t h y l - 4 - ( 3 , 4 - d i m e t h o x y b e n z y l ) - 6 , 7 - d i m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o -  
i s o q u i n o l i n e  ( 2 2 0 )
A s u s p e n s i o n  o f  t h e  m e t h i o d i d e  s a l t  ( 2 1 9 ,  4 . 8  g ,  0 . 0 1  mol) i n  
3e t h a n o l  ( 2 0 0  cm ) was t r e a t e d  w i t h  sodium b o r o h y d r i d e  ( 8  g) and s t i r r e d
a t  room t e m p e r a t u r e  f o r  3 d a y s . The s o l v e n t  was removed unde r  r e d u c e d
3p r e s s u r e  and t h e  r e s i d u e  d i s s o l v e d  i n  2N h y d r o c h l o r i c  a c i d  (200 cm )
t o  h y d r o l y s e  N - b o r a n e s ,  and t h e n  b a s e f i e d  w i t h  2N sodium h y d r o x id e
3 . . 3s o l u t i o n  (220 cm ) and e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (3 x 200 cm ) .
The combined o r g a n i c  p h a s e s  were washed w i t h  w a t e r  and d r i e d  o v e r  
anhydrous  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  
p r e s s u r e  gave a  y e l l o w  o i l  which was p u r i f i e d  by column ch rom a tog raphy
on b a s i c  a lu m in a ,  e l u t i n g  w i t h  e t h e r  t o  g i v e  t h e  p r o d u c t  a s  a w h i t e
s o l i d  ( 2 .5 7  g ,  72%) m.p .  9 6° .
V max (cm ) : 1130 ( a r o m a t i c  e t h e r )
X max (nm ( l o g  e ) )  : 213 ( 4 . 4 4 ) ,  233 ( 4 . 1 7 ) ,  286 ( 3 . 6 8 ) ,
289 ( 3 .6 6 )
6  (ppm, DMSO) : 2 .1  -  3 . 6  (7H, complex ,  a l i p h a t i c s ) , 2 .2 8
(3H, s ,  NCHg), 3 .6 8  (3H, s ,  OCHg), 3 .7 2  (3H,
s ,  OCHg), 3 .7 4  (3H, s ,  OCHg), 3 .76  (3H, s ,
OCHg), 6 . 6  -  6 . 9  (5H, complex ,  a r o m a t i c s )
/ e  : 357 (M+), 342 (M-CHg), 219 (M-Ar),  151 (ArCHg)m
5 , 6 , 1 1 , 1 2 - T e t r a h y d r o - 2 , 3 , 8 , 9 - t e t r a m e t h o x y - 5 - m e t h y l - 5 , 11 -m e thano -  
d i b e n z [ b , f ] a z o c i n i u m  p e r c h l o r a t e  ( 2 2 1 )
2 - M e t h y l - 4 - ( 3 , 4 - d i m e t h o x y b e n z y l ) - 6 , 7 - d i m e t h o x y - l , 2 , 3 , 4 - t e t r a -
h y d r o i s o q u i n o l i n e  (220 ,  2 g) was d i s s o l v e d  i n  0 . 1  M sodium p e r c h l o r a t e
3i n  d r y  a c e t o n i t r i l e  ( 2 0 0  cm ) and s t i r r e d  o v e r  a n hyd rous  sodium
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c a r b o n a t e  ( 0 . 5  g ) .  The s o l u t i o n  was e l e c t r o l y s e d  a t  a p o t e n t i a l  o f
+ 0 . 8  v o l t s  u n t i l  t h e  c u r r e n t  d ropped  be low 10 mA. The a n o l y t e  was
f i l t e r e d  and p a r t i a l l y  e v a p o r a t e d  unde r  r e d u c e d  p r e s s u r e .  The
3r e s i d u e  was t r e a t e d  w i t h  w a t e r  (400 cm ) and e x t r a c t e d  w i t h  d i c h l o r o -
3 . .methane  (3 x 200 cm ) .  The combined o r g a n i c  p h a s e s  were washed w i t h
3w a t e r  (200 cm ) and d r i e d  o v e r  a nhydrous  sodium s u l p h a t e .  Removal of
t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a  b l a c k  s o l i d  which was added 
3 •t o  a c e t o n e  (50 cm ) .  The i n s o l u b l e  m a t e r i a l  was c o l l e c t e d  by f i l ­
t r a t i o n  and r e c r y s t a l l i s e d  from a l a r g e  volume o f  m e th a n o l  a s  w h i t e  
n e e d l e s  ( 0 . 2 8  g ,  1 1 %) m.p .  219°.
V max (cm : 1080 ( C l -0 )
X max (nm ( l o g  e ) )  : 2 .1 1  ( 4 . 5 4 ) ,  231 ( 4 . 0 3 ) ,  290 (3 .7 0 )
6  (ppm, DMSO) ; 3 .18  (2H, d ,  J  = 4 H p , 3 .37  (2H, d ,
CH^, J  = 2 H p ,  3 .6  -  3 .9  (15H, 5 x 5 ,  4 x 
OCH3 , NCH3 ) ,  4 . 0 8  (IH,  complex ,  C^H), 4 .7 6  
(IH,  d ,  C;H, J  = 1 4 H p ,  5 .0 2  (IH,  d ,  C,H,
J  = 1 4 H p ,  6 .5 8  (IH,  s ) ,  6 . 7 2  ( l H , s ) ,  7 .04  
(IH,  s ) ,  7 .4 8  (IH,  s)
Ô (ppm, DMSO) : 30 .12  (q ,  NCH3 ) ,  3 5 .4 8  ( t^C^Hg),  4 8 .5 4  (d ,
C^H), 5 5 .5 3  (q ,  OCH3 ) , 55 .56  (q ,  OCH3 ) ,
55 .6 4  (q ,  OCH3 ) ,  5 6 .3 4  ( q ,  OCH3 ) , 6 1 .9 2  ( t ,  
ÇH3 ) ,  68 .0 4  ( t ,  C^H^),  104 .56  ( d ) , 109 .00
( d ) ,  111 .65  ( d ) ,  112 .09  ( d ) ,  119 .07  ( s ) ,
122 .22  ( s ) ,  126 .33  ( s ) ,  133 .0 5  ( s ) , 148 .38  ( s ) ,
148 .42  ( s ) ,  149 .09  ( s ) , 149 .79  ( s )
™/e : 355 (M-H), 341 (M-CH^)
Found : C, 5 5 . 3 ;  H, 5 . 7 ;  N, 3 . 0 5 ;  C l ,  7 . 9 .
^21^26^^^^8 r e q u i r e s  : C, 5 5 . 3 ;  H, 5 . 7 ;  N, 3 . 1 ;  C l ,  7.8%
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Q-Cfijfo | WAAjervue 
To an i c e - c o o l e d ,  s t i r r e d  m i x t u r e  o f  a lum in ium  c h l o r i d e
3
( 9 6 .6  g ,  0 . 7 2  mol) and a  s o l u t i o n  o f  v e r a t r o l e  ( 8 2 . 8  g ,  76 .4  cm ,
3
0 . 6  mol) i n  d r y  benzene  (400 cm ) was added d r o p w i s e  a c e t y l  c h l o r i d e  
3(55 g ,  4 9 .8  cm , 0 . 7  m o l ) .  The m i x t u r e  was s t i r r e d  f o r  2 h o u r s  a t  
room t e m p e r a t u r e  and t h e n  pou red  o n t o  i c e  (300 g ) . The l a y e r s  were
3
s e p a r a t e d  and t h e  aqueous  p h a s e  e x t r a c t e d  w i t h  be nz ene  ( 2  x 80 cm ) .
3The combined o r g a n i c  p h a s e s  were washed w i t h  w a t e r  (50 cm ) ,  10%
3 3sodium h y d r o x id e  s o l u t i o n  (2 x 50 cm ) and w a t e r  (50 cm ) ,  and d r i e d
o v e r  a n h yd rous  sodium s u l p h a t e .  Removal o f  t h e  s o l v e n t  under
r e d u c e d  p r e s s u r e  gave a c o l o u r l e s s  o i l  which  was vacuum d i s t i l l e d .
The p r o d u c t  d i s t i l l e d  ( b . p .  135° a t  0 . 4  mm Hg) a s  a c o l o u r l e s s  o i l
which  s o l i d i f i e d  on s t a n d i n g  (102 g ,  94%) m .p .  49° ( l i t . ^ ^  m.p .  49 -50° )
V max (cm ̂ ) : 1665 (C=0)
X max (nm ( l o g  e ) )  : 208 ( 4 . 0 0 ) ,  232 ( 4 . 1 2 ) ,  278 ( 3 . 9 3 ) ,
310 ( 3 .8 0 )
Ô (ppm, CDCI3 ) : 2 .5 7  (3H, s ,  COCH3 ) , 3 .9 5  ( 6 H, s ,  3 x OCH3 ) ,
6 . 8 8  ( IH,  d ,  C3 H, J  = 8 H^^), 7 .52  (IH,  d ,  C^H,
J  = 2 H p ,  7 .55  ( IH,  dd ,  C ^ ,  £ 2 ^ = 2 H ^ ,
7 .55  (IH,  d d ,  C ^ ,  £ 2 ^ = 2Hg^ = 8 H ^
™/e : 180 (Mt) ,  165 (M-CH^), 137 (M-COCH3 )
M e t a s t a b l e s  M* a t  15 1 .3  (180 165) and 113 .7  (165 ^  137)
3 , 4 -D im e thoxybrom oace tophenone  (224)
3 3(a )  Bromine ( 2 0 .9  g ,  6 .7 5  cm , 0 . 1 3  mol)  i n  c h l o r o f o r m  (40 cm )
was added d ro p w ise  t o  a  s o l u t i o n  o f  3 , 4 - d i m e th o x y a c e t o p h e n o n e  (222 ,
322 .5  g ,  0 . 1 2 5  mol)  i n  c h l o r o f o r m  (300 cm ) o v e r  a  p e r i o d  o f  1 hour  a t
room t e m p e r a t u r e .  The m i x t u r e  was s t i r r e d  f o r  a  f u r t h e r  0 . 5  h o u r s  and
3t h e n  washed w i t h  2N sodium c a r b o n a t e  s o l u t i o n  (2 x 125 cm ) and w a te r
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3(2 X 125 cm ) ,  and d r i e d  o v e r  a nhydrous  sodium s u l p h a t e .  Removal o f  
t h e  s o l v e n t  unde r  r e d u c e d  p r e s s u r e  gave a t h i c k  r e d  gum.
™/e : 260 /258 ,  180
(b) The above r e a c t i o n  was r e p e a t e d  b u t  a f t e r  s t i r r i n g  f o r  
o n l y  10 m in u t e s  t h e  o r a n g e  c r y s t a l l i n e  p r e c i p i t a t e  o f  3 , 4 - d im e th o x y -  
d i b ro m o a c e t o  phenone (223)  was c o l l e c t e d  by f i l t r a t i o n  and washed w i t h  
c h l o r o f o r m .
™/e : 340 /338 /336  (M^), 179 (M-Brg) ,  165 (ArCO), 137 ( A r ) ,
82 /80  (HBr)
The compound decomposed r a p i d l y  on e x p o s u r e  t o  m o i s t u r e  i n  t h e  a i r  
e v o l v i n g  hyd rogen  bromide  and l e a v i n g  a b l a c k  o i l .
(c )  To an i c e - c o o l e d ,  s t i r r e d  s o l u t i o n  o f  3 , 4 - d i m e t h o x y a c e t o -
3phenone (222 ,  9 g ,  0 . 0 5  mol)  i n  a  m i x t u r e  o f  e t h e r  (250 cm ) and
3
c h l o r o f o r m  ( 1 0 0  cm ) was added d r o p w ise  a s o l u t i o n  o f  bromine  ( 8  g ,
3 3
2 . 6  cm , 0 . 0 5  mol)  i n  c h l o r o f o r m  (50 cm ) o v e r  a p e r i o d  o f  1 .5  h o u r s .
The m i x t u r e  was s t i r r e d  f o r  a  f u r t h e r  1 ho u r  and t h e n  washed s u c c e s s i v e l y
3 3
w i t h  w a t e r  (50 cm ) ,  5% sodium h y d r o x i d e  s o l u t i o n  (10 cm ) and w a t e r  
3(20 cm ) .  The o r g a n i c  p h a s e  was d r i e d  o v e r  a n hyd rous  sodium s u l p h a t e .  
Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  gave a  w h i t e  s o l i d  which  
was r e c r y s t a l l i s e d  from 40% e t h y l  a c e t a t e  i n  p e t r o l e u m  e t h e r  a s  c o l o u r ­
l e s s  p l a t e s  ( 1 1 .7  g ,  91%) m .p .  79° ( l i t . ^ ^  m.p .  8 0 - 8 1 ° ) .
V max (cm ^) : 1680 (C=0)
X max (nm ( l o g  e ) )  : 206 ( 4 . 0 9 ) ,  234 ( 4 . 0 6 ) ,  287 ( 3 . 8 5 ) ,
318 ( 3 . 8 6 )
6  (ppm, CDCI3 ) : 3 .95  (3H, s ,  OCH3 ) , 3 .97  ( 6 H, s ,  OCH3 ) ,
4 .4 2  (2H, s ,  CH^), 6 .9 2  (IH,  d ,  C^H, J  =
8 H3 ) ,  7 .54  ( IH ,  d ,  C^H, J  = 2 H p ,  7 .60  
(IH,  dd ,  C ^ ,  = 2H^^ = 8 H p
“ / e  : 260 /258  (M^), 165 (ArCO)
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3 , 4 - D i m e t h o x y p h e n y l g ly o x a l  e t h y l  h e m i a c e t a l  (226)
A s o l u t i o n  o f  3 , 4 -d im e thoxyb rom oace tophenone  (224 ,  14 g,
3
0 . 0 5 4  mol)  and N , N - d i e t h y l h y d r o x y l a m i n e  ( 5 .1 3  g,  5 . 9  cm , 0 . 0 5 8  mol)
3
i n  m e th a n o l  (150 cm ) was h e a t e d  under  r e f l u x  f o r  2 . 5  h o u r s .  The 
s o l v e n t  was removed unde r  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  s t i r r e d
3
w i t h  e t h e r  (200 cm ) .  The p r e c i p i t a t e d  d i e t h y l a m l n e  hyd rob rom ide  
was removed by f i l t r a t i o n .  The f i l t r a t e  was e v a p o r a t e d  under  r e d u c e d
3
p r e s s u r e  t o  l e a v e  a r e d  o i l  t o  which was added e t h a n o l  (5 cm ) .  The 
s o l u t i o n  was s t o r e d  a t  0 °  f o r  24 h o u r s .  The b r i g h t  y e l l o w  c r y s t a l l i n e  
s o l i d  was c o l l e c t e d  by f i l t r a t i o n  and d r i e d  va c uo  a t  50° f o r  4 h o u r s  
( 8 .3 8  g,  65%) m.p .  91° .
V max (cm ^) : 3300 ( 0 - H ) ,  1675 (C=0)
X max (nm ( l o g e ) )  : 208 ( 4 . 0 0 ) ,  233 ( 4 . 0 9 ) ,  283 ( 3 . 9 4 ) ,
314 ( 3 . 8 4 )
6  (ppm, CDCI3 ) : 1 .27  (3H, t ,  CH^, J  = 7Hg_), 3 .8 5  (2H, q,
CH^, J  = 7 H p ,  3 .9 5  (3H, s ,  OCH3 ) ,  3 .98
(3H, s ,  OCH3 ) ,  4 . 3  ( IH,  b r o a d  s ,  OH, removed 
by d e u t e r a t i o n ) , 5 .6 8  (IH,  s i  CH), 6 .9 5  (IH,  
d ,  C3 H, J  = 9Hg_), 7 .6 1  (IH,  d ,  C^H, J  = 2 H p ,  
7 .7 0  ( IH,  dd ,  C ^ ,  = 2 H ^ ,  j  = 9H^)
“ / e  : 240 (M*^), 194 (M-EtOH), 165 (ArCO), 137 ( A r ) ,  46 (EtOH)
4 - ( 3 , 4 - D i m e t h o x y p h e n a c y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o l i n e  h y d r o c h l o r i d e  (227)
A s o l u t i o n  o f  3 , 4 - d im e t h o x y b e n z y l a m i n o a c e t a l d e h y d e  d i m e t h y l a c e t a l
3(201 ,  5 .1  g,  0 . 0 2  mol)  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (50 cm ) was
warmed t o  80°  and m o l t e n  3 ,4 - d i m e t h o x y p h e n y l g l y o x a l  e t h y l  h e m i a c e t a l
3
(226 ,  9 .6  g,  0 . 0 4  mol)  was added t o g e t h e r  w i t h  h o t  e t h a n o l  (20 cm ) .
The m i x t u r e  was m a i n t a i n e d  a t  100° f o r  1 hou r  and t h e n  c o o l e d  and
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s t o r e d  a t  0 °  f o r  3 d a y s .  The s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,  
washed w i t h  e t h a n o l  and t h e n  r e c r y s t a l l i s e d  from e t h a n o l  a s  c o l o u r l e s s  
p l a t e s  ( 1 . 9 5  g,  24%) m .p .  222° ( l i t . * *  m .p .  2 2 4 -2 2 5 ° )
V max (cm ^) : 3400 (n -H ) ,  1680 (C=0),  1595 (C=N)
X max (nm ( l o g  e ) )  : 207 ( 4 . 2 4 ) ,  239 ( 4 . 6 4 ) ,  280 ( 4 . 0 8 ) ,
316 ( 4 . 0 3 )
d (ppm, CF3 COOD) : 4 . 0 8  (3H, s ,  OCH3 ) ,  4 . 1 3  ( 6 H, s ,  2 x OCH3 ) ,
4 . 2 4  (3H, s ,  OCH3 ) ,  5 .12  (2H, s , CH^), 7. 26
m
(IH,  d ,  C^.H, J  = 8 Hg_), 7 .4 5  ( IH,  s ,  CgH ) ,  
7 .8 0  ( IH,  s ,  C3 H ) ,  7 .83  ( IH,  d ,  C^.H,
J  = 2HgJ, 8 . 1 5  ( IH,  dd ,  Cg,H,  J ^ . g ,  = 2 H3 , 
J ^ . g ,  = 8 H p ,  8 .4 0  (IH,  d ,  CgH, J  = 7 H ^ ,  
9 .2 8  (IH,  d ,  C,H, J  = 7H^)
/ e  : 367 (M-HCl), 202 (M-HCl-ArCO), 165 (ArCO), 137 (Ar)  
M e t a s t a b l e s  M* a t  113 .8  (165 1 37 ) ,  7 4 .8  (367 ->■ 165)
4 - ( 2 -H ydroxy -2 -  3 , 4 - d i m e t h o x y p h e n y l  e t h y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o l i n e  (228)
4 “ ( 3 , 4 - D i m e t h o x y p h e n a c y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o l i n e  h y d r o c h l o r i d e
3
(227 ,  4 g ,  0 . 0 1  mol )  was su s p en d e d  i n  e t h a n o l  (400 cm ) and t r e a t e d  
w i t h  sodium b o r o h y d r i d e  (4  g,  0 . 1  m o l ) .  The m i x t u r e  was h e a t e d  under  
r e f l u x  f o r  1 ho u r  and t h e n  s t i r r e d  a t  room t e m p e r a t u r e  f o r  3 h o u r s .
The s o l v e n t  was removed under  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  d i s s o l v e d
3 3i n  w a t e r  (400 cm ) and e x t r a c t e d  w i t h  c h l o r o f o r m  (3 x 400 cm ) .  The
3
combined o r g a n i c  p h a s e s  were washed w i t h  w a t e r  (400 cm ) and d r i e d
o v e r  a n h yd rous  sodium s u l p h a t e .  Removal  o f  t h e  s o l v e n t  unde r  r e d u c e d
3
p r e s s u r e  gave a  c o l o u r l e s s  o i l  which  was b o i l e d  w i t h  e t h a n o l  (5 cm ) .
On c o o l i n g  t h e  w h i t e  n e e d l e s  were c o l l e c t e d  by f i l t r a t i o n  ( 3 . 4 1  g,
92%) m .p .  77° ( l i t . * *  m.p .  7 5 - 8 0 ° ) .
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V max (cm‘ ^) : 3225 (O-H), 1625 (C=N)
X max (nm ( l o g  e ) )  : 207 ( 4 . 4 8 ) ,  242 ( 4 . 6 3 ) ,  286 ( 3 . 6 9 ) ,  317
( 3 . 3 9 ) ,  332 ( 3 . 3 9 )
6  (ppm, DMSO) : 3 .2 8  (2H, d ,  CH^CH, J  = 6 H ^ ) ,  3 . 6 6  (3H, s ,  
OCHg), 3 .7 2  (3H, s ,  OCHg), 3 . 9 4  ( 6 H, s ,  2 x 
OCH3 ) ,  4 . 8 7  ( IH ,  complex ,  , c o l l a p s e s
t o  t ,  J  = 6 H3 J on d e u t e r a t i o n ) ,  5 .3 5  (IH,  d,  
CHOH, J  = 5H^, removed by d e u t e r a t i o n ) ,  6 . 8 - 
6 . 9  (3H, complex a r o m a t i c s ) ,  7 .23  (IH,  s ,  CgH) ,
7 .4 7  (IH,  s ,  CgH), 8 . 0 9  (IH ,  s ,  CgH), 8 .9 0  (IH,
s ,  C,H)
™/e : 369 (M^), 351 (M-H^O), 203 ( d i m e t h o x y i s o q u i n o l i n e ) , 167 
(ArCHOH), 18 (H^O)
4 - ( 3 , 4 - D i m e t h o x y s t y r y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o l i n e  h y d r o c h l o r i d e  (229)
4 - ( 2 - H y d r o x y - 2 - [ 3 , 4 - d i m e t h o x y p h e n y l ] e t h y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o -
3
l i n e  (228 ,  3 . 6 9  g,  0 . 0 1  mol )  was d i s s o l v e d  i n  c h l o r o f o r m  (750 cm ) and 
s a t u r a t e d  w i t h  h y d ro g e n  c h l o r i d e  ove r  a p e r i o d  o f  3 h o u r s .  Removal  o f  
t h e  s o l v e n t  unde r  r e d u c e d  p r e s s u r e  gave a s o l i d  which was r e c r y s t a l l i s e d  
from e t h a n o l  a s  b r i g h t  y e l l o w  n e e d l e s  ( 3 . 5 8  g,  92%) m .p .  219° ( l i t . * *  
m .p .  2 1 3 - 2 1 5 ° ) .
V max (cm ^) : 3400 ( N v - h ) ,  1620 (C=N)
X max (nm ( l o g  e ) )  : 216 ( 4 . 3 5 ) ,  228 ( 4 . 3 7 ) ,  257 ( 4 . 3 6 ) ,  349 ( 4 . 1 1 )  
6  (ppm, CDClg) : 3 .9 7  (3H, s ,  OCHg), 4 . 0 2  (3H, s ,  OCHg), 4 . 1 6  
(3H, s ,  OCHg), 4 . 2 2  (3H, s ,  OCHg), 6 . 9  -  7 . 6  
(7H, complex; a r o m a t i c s  and CH=CH ) ,  7 .7 6  (IH,  
s ,  NH, removed by d e u t e r a t i o n ) ,  8 .5 1  (IH,  s ,
CgH), 9 .35  (IH,  s ,  C,H)
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"*/e : 351 (N-HCl)
4 - ( 3 , 4 - D l m e t h o x y p h e n e t h y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o l i n e  h y d r o c h l o r i d e  (230)
4 - ( 3 , 4 - D i m e t h o x y s t y r y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o l i n e  h y d r o c h l o r i d e
3
(229 ,  1 g ,  2 . 6  mmol) was d i s s o l v e d  i n  m e th a n o l  (200 cm ) and h y d r o g e n a t e d
(4  atm)  f o r  20 h o u r s  w i t h  p l a t i n u m  o x i d e  ( 0 . 2  g)  a s  c a t a l y s t .  F i l ­
t r a t i o n  and r em ova l  o f  t h e  s o l v e n t  unde r  r e d u c e d  p r e s s u r e  gave a  s o l i d  
which  was r e c r y s t a l l i s e d  from e t h y l  a c e t a t e  a s  f i n e  w h i t e  n e e d l e s  
( 0 . 9 2  g,  90%) m .p .  158°.
V max (cm‘ ^)  : 3400 (N-H),  1620 (C=N)
X max (nm ( l o g  e ) )  ; 206 ( 4 . 5 2 ) ,  242 ( 4 . 6 7 ) ,  285 ( 3 . 8 7 ) ,
317 ( 3 . 6 2 ) ,  330 ( 3 . 5 6 )
<5 (ppm, DMSO) : 2 .5 8  (IH,  s ,  NH, removed by d e u t e r a t i o n ) ,
2 . 8  -  3 . 2  (2H, complex ,  CH^CH^), 3 . 3  -  3 . 6  (2H, 
complex ,  CH^CH^), 3 . 7 4  ( 6 H, s ,  2 x  OCHg), 4 . 0 1  
(3H, s ,  OCHg), 4 . 1 2  (3H, s ,  OCHg), 6 . 6  -  7 .0  
(3H, complex,  a r o m a t i c s ) .  7 .4 8  (IH,  s ,  CgH),
7 .9 8  (IH,  s ,  CgH), 8 . 3 5  ( IH,  s ,  CgH), 9 .42  (IH, 
s ,  C,H)
™/e : 353 (M-HCl),  202 (M-ArCH^), 151 (ArCH^),  3 8 /3 6  (HCl)
4 - ( 3 , 4 - D i m e t h o x y p h e n e t h y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o l i n e  (231)
The h y d r o c h l o r i d e  s a l t  ( 230 ,  3 . 9  g,  0 . 0 1  mol)  was b a s e f i e d  w i t h
3
2N ammonium h y d r o x i d e  s o l u t i o n  (250 cm ) and e x t r a c t e d  w i t h  d i c h l o r o -
3
methane  (3 x 100 cm ) .  The combined o r g a n i c  p h a s e s  were washed w i t h
3
w a t e r  (50 cm ) and d r i e d  ove r  a n hyd rous  sodium s u l p h a t e .  Removal o f  
t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave a gum which  s o l i d i f i e d  on
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t r i t u r a t i o n  w i t h  e t h e r .  The s o l i d  was c o l l e c t e d  by f i l t r a t i o n  and 
r e c r y s t a l l i s e d  from 40% e t h y l  a c e t a t e  i n  p e t r o l e u m  e t h e r  a s  w h i t e  
n e e d l e s  ( 3 . 4 6  g,  98%) m .p .  115° ( l i t . ^ ^  m .p .  1 1 8 - 1 2 0 ° ) .
V max (cm ^) : 1620 (C=N)
A max (nm ( l o g  c ) )  : 206 ( 4 . 5 7 ) ,  241 ( 4 . 8 0 ) ,  285 ( 3 . 9 8 ) ,
316 ( 3 . 6 4 ) ,  3 .3 1  ( 3 . 5 7 )
6  (ppm, DMSO) : 2 . 8  -  3 . 0  (2H, complex,  Œ ^CH^) ,  3 . 1  -  3 . 3  (2H
complex ,  CH^CH^), 3 .7 0  ( 6 H, s ,  2 x  OCHg), 3 .91
(3H, s ,  OCHg), 3 . 9 4  (3H, s ,  OCHg), 6 . 6  -  6 . 9  
(3H, complex,  a r o m a t i c s ) ,  7 .2 2  ( IH,  s ,  CgH), 
7 . 4 4  (IH,  s ,  CgH), 8 .1 7  ( IH,  s ,  CgH), 8 .9 3  
(IH,  s ,  C,H)
™/e ; 353 (m"^), 338 (M-CHg), 202 (M-ArCH^), 151 (ArCH^)
4 - ( 3 , 4 - D i m e t h o x y p h e n e t h y l ) - 6 , 7 - d i m e t h o x y - 2 - m e t h y l  i s o q u i n o l i n i u m  i o d i d e  
(232)
4 - ( 3 , 4 - D i m e t h o x y p h e n e t h y l ) - 6 , 7 - d i m e t h o x y i s o q u i n o l i n e  (231,  1 .41  g,
3
4 mmol) was d i s s o l v e d  i n  warm a c e t o n e  (15 cm ) and t r e a t e d  w i t h  i o d o -
3
methane  (3 cm ) .  The m i x t u r e  was a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  
f o r  1  h o u r  and t h e n  t h e  s o l i d  was c o l l e c t e d  and r e c r y s t a l l i s e d  from 
e t h a n o l  a s  p a l e  y e l l o w  n e e d l e s  ( 1 . 8 8  g,  95%) m .p .  218°  ( l i t . ^ ^  m.p .  
220 - 222° ) .
V max (cm ^) : 1640 (C=N)
X max (nm ( l o g  e ) )  : 207 ( 4 . 5 4 ) ,  224 ( 4 . 4 3 ) ,  260 X 4 .6 4 ) ,  285
( 2 . 6 3 ) ,  322 ( 3 . 3 3 )
6  (ppm, DMSO) : 3 . 0  -  3 . 2  (2H, complex ,  CH^CH^), 3 . 4  - 3 . 6  (2H, 
complex ,  CH^CH^), 3 .7 7  ( 6 H, s ,  2 x  OCHg), 4 . 0 6  
(3H, s ,  OCHg), 4 . 1 3  (3H, s ,  OCHg), 4 . 4 4  (3H, s .
NCH3 ) ,  6 . 8  - 7 .0  (3H, complex ,  a r o m a t i c s ) ,  7 .48
20
m
(IH,  s ,  CgH), 7 . 8 4  ( IH ,  s ,  CgH), 8 . 4 9  (IH,  s ,  
CgH), 9 . 4 9  ( IH,  s ,  C,H)
“7 e  : 353 (M-CHgl),  202 (M-CHgl-ArCH^), 151 (ArCH^), 142 (CHgl) 
127 ( I )
2 - M e t h y l - 4 “ ( 3 , 4 - d i m e t h o x y p h e n e C h y l ) - 6 , 7 - d i m e t h o x y - l , 2 , 3 , 4 - C e t r a h y d r o -  
i s o q u i n o l i n e  (233)
The m e t h i o d i d e  s a i t  (232 ,  1 g ,  2 mmol) was su s p en d e d  i n  e t h a n o l
3 3
( 2 0 0  cm ) and w a t e r  ( 1 0  cm ) ,  and t r e a t e d  w i t h  sodium b o r o h y d r i d e  ( 2  g ) .
The m i x t u r e  was h e a t e d  under  r e f l u x  f o r  1 h o u r  and  t h e n  s t i r r e d  a t
room t e m p e r a t u r e  f o r  20 h o u r s .  The s o l v e n t  was removed under  r e d u c e d
3
p r e s s u r e  and t h e  r e s i d u e  d i s s o l v e d  i n  w a t e r  (300 cm ) and e x t r a c t e d
3
w i t h  e t h e r  (3 x  100 cm ) .  The combined o r g a n i c  p h a s e s  were washed w i t h
3
w a t e r  (100 cm ) and d r i e d  ove r  a n h yd rous  sodium s u l p h a t e .  Removal o f  
t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave a  c o l o u r l e s s  gum ( 0 . 6 9  g,  93%).
V max (cm ^)  : 1135 ( a r o m a t i c  e t h e r )
X max (nm ( l o g  e ) )  : 210 ( 4 . 5 6 ) ,  231 ( 4 . 2 2 ) ,  285 ( 3 . 7 6 ) ,  289 ( 3 . 7 6 )
a (ppm, CDClg) : 1 .9  -  2 . 2  (2H, complex ,  CHCH^^CH^), 2 . 4 5  (3H, s ,  
NCHg), 2 . 6  - 3 . 0  (5H, complex ,  CH2 CHCH2 CH2 ) ,
3 .3 8  (IH,  d ,  C,H, J  = 16Hg), 3 . 6 4  ( IH,  d ,  C,H,
J  = 16Hg_), 3 . 8 6  ( 6 H, s ,  2 x OCHg), 3 .8 8  (3H, s ,  
OCHg), 3 .9 0  (3H, s ,  OCHg), 6 . 5 6  ( IH,  s ,  CgH),
6 . 6 8  ( IH,  s ,  CgH), 6 . 7  -  6 . 8  (3H, complex ,  
a r o m a t i c s )
™/e : 371 (m"^), 356 (M-CHg), 207 (M-ArCH2 CH2 ) , 192 (M-ArCH2 CH2 'C H g ) , 
151 (ArCH2 >, 28 (HCNH)
M e t a s t a b l e  M"̂  a t  178 .1  (207 192)  and 115 .5  (371 207)
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Anodic  o x i d a t i o n  o f  2 - m e t h y l - 4 - ( 3 , 4 - d i m e t h o x y p h e n e t h y l ) - ‘6 ,7 - d im e th o x y -
1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  (233)
( a )  The s u b s t r a t e  ( 0 . 9 5  g)  was d i s s o l v e d  i n  0 . 1  M sodium p e r -
3
c h l o r a t e  i n  d r y  a c e t o n i t r i l e  (250 cm ) and s t i r r e d  w i t h  anhydrous
sodium c a r b o n a t e .  The s o l u t i o n  was e l e c t r o l y s e d  a t  a  p o t e n t i a l  o f
-1
1 .2  v o l t s  u n t i l  t h e  c u r r e n t  d ropped  t o  10 mA; 4 . 1  F .m ol  o f  c h a r g e  
was consumed. The a n o l y t e  was p a r t i a l l y  e v a p o r a t e d  under  r e d u c e d
3
p r e s s u r e  and t h e n  t r e a t e d  w i t h  w a t e r  (300 cm ) and e x t r a c t e d  w i t h
3
d i c h 1oromethane  (3 x 100 cm ) .  The combined o r g a n i c  p h a s e s  were washed
3
w i t h  w a t e r  ( 1 0 0  cm ) and d r i e d  o v e r  anhyd rous  sodium s u l p h a t e .
Removal  o f  t h e  s o l v e n t  under  r e d u c e d  p r e s s u r e  gave an  i n t r a c t a b l e  
brown t a r .
( b )  The above e l e c t r o l y s i s  was r e p e a t e d  a t  a p o t e n t i a l  o f
-1
+ 0 . 8  v o l t s  and 1 .7  F .m ol  o f  c h a r g e  was consumed.  Work-up a g a i n  gave 
a brown t a r .
1 . 2 . 3 . 4 - T e t r a h y d r o - 8 , 9 , 1 1 , 1 2 - t e t r a m e t h o x y - 2 - m e t h y l - b e n z o Çô,7] c y c l o h e p t  
L l , 2 , 3 - d e 3  i s o q u i n o l i n e  (234T '
A s o l u t i o n  o f  t h a l l i u m  ( I I I )  t r i f l u o r o a c e t a t e  ( 0 . 7 5  g,  1 . 4  mmol)
3 3i n  d r y  a c e t o n i t r i l e  ( 1 0 0  cm ) and c a r b o n  t e t r a c h l o r i d e  ( 1 0 0  cm ) was
c o o l e d  t o  - 4 0 °  unde r  n i t r o g e n  i n  t h e  a b s e n c e  o f  l i ^ t .  To t h i s  was
added a  s o l u t i o n  o f  2 - m e t h y l - 4 - ( 3 , 4 - d i m e t h o x y p h e n e t h y l ) - 6 , 7 - d i m e t h o x y -
1 . 2 . 3 . 4 - t e t r a h y d r o i s o q u i n o l i n e  (233 ,  0 . 4 7  g,  1 .2 7  mmol) i n  d r y
3 3a c e t o n i t r i l e  (15 cm ) f o l l o w e d  by b o r o n  t r i f l u o r i d e  e t h e r a t e  (5 cm ) .
The m i x t u r e  was a l l o w e d  t o  warm t o  room t e m p e r a t u r e  and t h e n  s t i r r e d
f o r  2 h o u r s .  The s o l v e n t  was p a r t i a l l y  e v a p o r a t e d  unde r  r e d u c e d
p r e s s u r e  and t h e  r e s i d u e  t r e a t e d  w i t h  2N ammonium h y d r o x i d e  s o l u t i o n
3
and e x t r a c t e d  w i t h  c h l o r o f o r m  (3 x 100 cm ) .  The combined o r g a n i c
3
p h a s e s  were washed w i t h  w a t e r  ( 1 0 0  cm ) and d r i e d  o v e r  a n hyd rous  sodium
203
s u l p h a t e .  Removal o f  t h e  s o l v e n t  unde r  r e d u c e d  p r e s s u r e  gave a 
brown o i l  which  was s u b j e c t e d  t o  column c h ro m a to g ra p h y  on b a s i c  
a lu m in a  e l u t i n g  w i t h  e t h e r .  E v a p o r a t i o n  o f  t h e  e l u a t e  under  r e d u c e d
p r e s s u r e  a f f o r d e d  a  c o l o u r l e s s  gum which c r y s t a l l i s e d  i n  t h e  form o f
w h i t e  r o d s  on t r i t u r a t i o n  w i t h  e t h e r  ( 0 . 2  g ,  43%) m .p .  109°.
V max (cm ^) : 1115 ( a r o m a t i c  e t h e r )
X max (nm ( l o g e ) )  : 220 ( 4 . 5 8 ) ,  270 ( 4 . 0 6 ) ,  293 ( 3 . 9 5 )
(S (ppm, DMSO) : 2 . 1 - 2 . 3  (5H, complex,  Œ ^ Œ C H ^ ) ,  2 . 3 4  (3H, s ,  
NCHg), 2 . 5 2  (2H, t ,  Œ^CH^CH, J  = 1 2 H ^ ,  3 .10  
( IH,  d ,  C,H, J  = 14Hg_), 3 . 5 1  (3H, s ,  OCHg),
3 .7 7  (3H, s ,  OCH^), 3 .8 0  ( IH,  d ,  C,H, J  =
1 4 H p ,  3 . 8 4  ( 6 H, s ,  2 x  OCHg), 6 . 7 6  (IH,  s ) ,
6 . 8 8  ( IH,  s ) ,  6 .9 9  (IH,  s )
6  (ppm, DMSO) : 3 0 .3 9  ( t ) ,  3 4 .1 8  ( d ,  C^H), 3 8 .7 3  ( t ) ,  4 5 .8 8  (q )
55 .5 8  ( q ) ,  5 5 .6 9  ( q ) ,  5 5 .7 6  ( q ) ,  57 .48  ( t ) ,
57 .9 7  ( t ) ,  5 9 .7 5  ( q ) ,  10 9 .5 4  ( d ) ,  112 .03  ( d ) ,
114 .58  ( d ) ,  12 7 .0 9  ( s ) ,  12 7 .2 0  ( s ) ,  129 .75  ( s ) ,
132 .29  ( s ) ,  132 .57  ( s ) ,  143 .7 8  ( s ) ,  146 .5 9  ( s ) ,
148 .11  ( s ) ,  15 1 .0 4  ( s )
“ / e  : 369 (M^), 368 (M-H)
Found : C, 7 1 . 4 ;  H, 7 . 3 5 ;  N, 3 . 8 5 .
C2 2 H2 7 NO4  r e q u i r e s  : C, 7 1 . 5 ;  H, 7 . 3 ;  N, 3.8%
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